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SOME LOCAL FACTORS IN THE RESTORATION OF THE RAT'S 
LIVER AFTER PARTIAL HEPATECTOMY 


1. Glycogen; the Golgi Apparatus; Sinusoidal Cells; the Basement Membrane of the Sinusoids 


K. ATERMAN, M.D., M.R.C.P., D.C.H. 
BIRMINGHAM, ENGLAND 


N HISTOLOGICAL studies of the regenerating rat liver interest hitherto has 

been focused mainly on the changes in the liver cells. In a recent paper, how- 
ever, Gersh and Catchpole* drew attention to the important part which changes 
in the physical state of connective tissues may play in many physiological and 
pathological processes, growth being one of these. They showed that in the region 
of certain rapidly expanding masses the ground substance was altered in a manner 
which was interpreted as reflecting a changed physical state brought about by the 
presumably enzymatic depolymerization of the glycoproteins of the ground sub- 
stance. It was thought of interest to find out whether similar changes could be 
demonstrated in the ground substance of the liver during the process of regener- 
ation, a classic example of rapid growth. 


METHODS 


A total of 85 female Sprague-Dawley rats was used, of which 31 represent the basic series 
for this paper; 19 were used to study the influence of starvation, 8 for the Evans-blue series, 
14 for the determination of mucoproteins in the blood, and the remaining 13 for various side 
experiments to clear up doubtful points. The rats weighed from 106 to 214 gm., the average 
weight being 143 gm. A commercial chow * was fed ad libitum except for a period of starvation 
of 16 to 24 hours before partial hepatectomy and again for a similar period before death. Thus 
animals killed within 24 hours after partial hepatectomy had received no food since about 24 
hours before the operation. In another series the rats were deprived of food for a period of 
three days before, and for various intervals up to 48 hours after, operation. This group of animals 
will be referred to as the “starvation series.” In both series the rats had free access to water. 
All animals were kept in individual cages. Partial hepatectomy was performed by the method 
of Higgins and Anderson, adopted by Brues and associates,*” whose paper was used as the basis 


From the Department of Anatomy, University of Chicago. 

Dr, Aterman was Commonwealth Fellow in the Department of Anatomy of the University 
of Chicago. 

1. Gersh, L., and Catchpole, H. R.: The Organization of Ground Substance and Basement 
Membrane and Its Significance in Tissue Injury, Disease and Growth, Am. J. Anat. 85:457, 1949. 

2. The chow fed was made by the Ralston Purina Company, St. Louis. 

3. (a) Higgins, G. M., and Anderson, R. M.: Experimental Pathology of the Liver: 
Restoration of the Liver of the White Rat Following Partial Surgical Removal, Arch. Path. 
12:187 (Aug.) 1931. (b) Brues, A. M.; Drury, D. R., and Brues, M. C.: A Quantitative Study 
of Cell Growth in Regenerating Liver, ibid. 22:658 (Nov.) 1936. 


197 


\ 
A 
> 
= 


198 1M. A. ARCHIVES OF PATHOLOGY 


for the present series. The removal of the median lobe and the left lateral lobe, together called 


the main lobe, leaves about 30% of the original liver mass behind. Open-ether anesthesia was 
used for the hepatectomy and prior to killing. Death was brought about by rapid perforation of 
the chest and exsanguination by cutting the great blood vessels, rats being killed at intervals 
of 5 minutes, 30 minutes, | hour, 3, 6, 12, 24, and 48 hours and 3, 4, 6, and 12 days after the 
operation. Animals of the starvation series were killed at 3, 6, 15, 24, and 48 hours after 
operation. A few rats were killed after a 48-hour preoperative and 48-hour postoperative fast. 

But for an intravenous injection of 1 ce. of 2% Evans blue in water 10 minutes before death, 
animals of the “Evans-blue series” were treated exactly as were those of the basic series. 

Small pieces of the liver were removed at operation and again at autopsy and were frozen 
immediately by immersion in isopentane at about —150 C., vacuum-dried at about —30 C. for 
three days, and embedded in paraffin (melting point, 54 C.). Sections were cut at 20 # and 
mounted with slight finger pressure on albuminized slides. Sections of the main lobe served as 
“controls” for the regenerating “test lobe” of the same animal, both being mounted on one slide. 

Histochemical Methods.—Details of the histological and histochemical methods used, and 
their rationale, can be found in the paper by Gersh and Catchpole.' After the paraffin had been 
removed with petroleum ether, sections were left overnight im absolute alcohol, and were 
then stained by the periodic acid-leucofuchsin method of Hotchkiss * and McManus. Lipids were 
removed by extracting sections overnight with a mixture of hot methanol and chloroform. 
Glycogen was removed by subsequently incubating the sections with saliva of measured pH for 
one to one and a half hours at room temperature and then washing off the saliva with a phosphate 
buffer of the same pH, or by incubating with saliva sections treated with dehydrated alcohol 
overnight. As controls, sections similarly treated were incubated with phosphate buffer of the 
same pH. 

Evans-Blue Series.—Sections of frozen, dried material were treated with warm Shillaber’s 
immersion oil to remove the paraffin, and covered with a cover slip. 

Chemistry.—The mucoprotein levels of the blood were determined by the method of Winzler 
and associates.® 


Collagenase activity in the liver was studied by the effect of minced liver tissue on 
“azocoll.”” 


RESULTS 


\part from the intensely reacting glycogen, material staining by the Hotchkiss- 


McManus method can be found in the normal liver in the blood plasma, the liver 
capsule, in layers in the walls of the larger vessels, in the basement membrane of 
the liver sinusoids, in certain granules of the liver and of the sinusoidal cells, and, 
scantily, of occasional cells in the portal tracts. As neither cell nuclei nor cell boun- 
daries stain with this method, the liver trabeculae of the fasting animal appear in 
suitable sections as columns outlined sometimes by the basement membranes of 
the sinusoids ( Figure, upper part). These become more notable through the pres- 
ence of brilliantly staining granules of the sinusoidal cells. In the center of each 
liver “cord” there is a column of closely packed, fine, faintly pink-staining granules 
which communicates by short side strands with similar rows of granules in the 
neighboring “cords.” In addition, the liver cells contain varying amounts of 


glycogen, and a very faint pink cytoplasmic stain; nuclei are uncolored. In contrast 


4. Hotchkiss, R. D.: A Microchemical Reaction Resulting in the Staining of Polysaccharide 
Structures in Fixed Tissue Preparations, Arch. Biochem. 16:131, 1948. 

5. Winzler, R. J.; Devor, A. W.; Mehl, J. W., and Smyth, I. M.: Studies on the Muco- 
proteins of Human Plasma: I. Determination and Isolation, J. Clin. Invest. 27:609, 1948. 

Sa. Oakley, C. | Warrack, G. H.. and van Heyningen, W. F.: The Collagenase 
(«-Toxin) of Cl. Welchii Type A, J. Path. & Bact. $8:229, 1946. 
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to the numerous cells seen in the portal tracts with hematoxylin and eosin, only 
a few pink cytoplasmic granules betray the presence of cells in the portal tract 
after staming with the Hotchkiss-McManus method. These granules are perhaps 
identical with the granules described by Gersh and Catchpole in fibroblasts." 


GLYCOGEN 


Control Lobes—In the normal fed animal the cytoplasm of the liver cells 
appears filled with densely packed, rather coarse, brilliantly purplish-staining 
granules. After 16 to 24 hours’ starvation the liver glycogen decreases markedly. 
Whereas in some animals all liver cells appear free of glycogen granules, in others 
various amounts of glycogen can be detected in at least some cells. In the latter, 
three types of cells can be distinguished: (1) cells which are entirely free of visible 
glycogen granules and which show only a very faint pink tinge of the cytoplasm, 


(2) cells with a small amount of glycogen, which is distributed as masses in an 
irregular manner, much like the chromophile bodies, and (3) cells with a larger 
amount of glycogen which is more widely distributed throughout the cytoplasm. 
The distribution of the three cell types shows no specific pattern, so that a single 
glycogen-free cell may be found surrounded by cells containing fair amounts of 
glycogen, and vice versa. This has been noted before by Hrebeljanovich.’ If 
starvation is continued beyond 24 hours, glycogen is increased. There is also an 
increase in the range of variation from cell to cell. This may be noted after a 48 
hours’ fast, and becomes marked after three days’ starvation. The glycogen now 
shows a greater tendency to be arranged in coarse clumps in parts of the cell only. 
In two rats starved four days there was a spotty distribution of glycogen with 
marked clumping; of two rats starved five days; one had no detectable glycogen, 
with small cells and wide sinusoids, while the other had a good deal of coarsely 
granular glycogen. 

A more or less definite zonal arrangement was seen in only 9 of the 63 animals 
examined. It seemed that the glycogen was accumulated in the central region, with 
less or no glycogen visible peripherally. This was seen in two rats starved for 24 
hours, in two starved for 48 hours, in four starved for three days, and in the last 
rat in the regenerating lobe after a total preoperative and postoperative starvation 
period of 48 hours. 

Regenerating Lobes.—NWVith few exceptions, the liver remnant showed a 
decrease or an absence of glycogen as compared with its own control removed 
one day earlier at hepatectomy. Even when at hepatectomy the main lobe had 
appeared free of glycogen and had shown only the generalized faint pink tinge 
mentioned above, the regenerating liver at this time appeared distinctly paler. 
The decrease or disappearance of glycogen could be noticed as early as three or 
six hours after operation. However, if the total period of withholding food (from 
the onset of starvation to the time of autopsy) was about 48 hours or longer, 
glycogen was again present in the regenerating lobe. One such example has already 
been described in the preceding paragraph. 

Comment.—The behavior of liver glycogen under various conditions has been 
extensively studied, with contradictory results. Very striking is the great sensi- 

6. Hrebeljanovich, M. von C. L.: Uber histologische Veranderungen in Leber und Herz 
der hungernden Ratte, Arch. f. exper. Path. u. Pharmakol. 180:690, 1936. 


| 
| cal 
§ 
is 
im 


200 A. M. A. ARCHIVES OF PATHOLOGY 


tivity of the periodic acid-leucofuchsin stain toward glycogen; apparently minor 
changes could easily be detected in frozen-dried material. The variations in the 
glycogen content noted here appeared to be more on the cellular level than on the 
“extensive areas” level reported by Gomori and Goldner.*| There is also a fair 
agreement between the behavior of glycogen as seen in these histological sections 
and the chemical estimations of similar material reported in the literature. Briefly, 
a minimum of glycogen was found histologically after 16 to 24 hours without food. 
This was followed by an apparent increase after 48 hours, with a further increment 
in rats starved up to five days. Chemical determinations bear out these results. 
Ekman and Holmgren * reported a minimum after 18 hours without food (0.29% 
to 0.05%); Vars and associates (quoted by Crandall and Drabkin’) described a 
decrease to 0.5 to 0.6% after 18 to 24 hours; Nutter ' reported a very low level 
of liver glycogen after 24 hours of starvation. Perhaps the estimations nearest 
approximating the present series are those of Cohn and Roe," who found that the 
liver glycogen of the starving rabbit followed this pattern: 12 to 18 hours’ star- 
vation, glycogen content decreased; 24 to 36 hours’ starvation, glycogen content 
relatively constant; 48 to 60 hours’ starvation, glycogen measurably higher than 
during the preceding 24-hour period. 

A similar agreement exists also between the histological and the chemical 
estimations for glycogen of the regenerating lobe. Novikoff and Potter '* found 
very little glycogen 12 hours after partial hepatectomy. Bogetti and Mazzocco * 
noticed a marked decrease in the glycogen content as early as two hours after 
partial hepatectomy, the low level persisting until about eight hours after operation. 
Histologically the marked decrease of glycogen in the regenerating lobe was 
observed at three and six hours after partial hepatectomy. However, at 24 hours 
the glycogen content was again greater. This apparent contradiction can be 
explained by the findings of Nutter '® on the restoration of glycogen in fasting 
animals during a period of rest after exhausting exercise, and by the view of Peters 
(quoted by Newburger and Brown '*) that protein becomes the source of glycogen 
in starvation only after deglycogenation is complete, which in the rat requires a 
fast of 24 to 48 hours. 

A more or less definite central distribution of the glycogen in the liver lobules 


could be seen in only nine animals starved for periods of one to five days. No 


7. Gomori, G., and Goldner, M. G.: The Uneven Distribution of Glycogen in the Liver, 
Proc. Soc. Exper. Biol. & Med. 66:163, 1947. 

8 Ekman, C.-A., and Holmgren, H.: The Effect of Alimentary Factors on Liver Glycogen 
Rhythm and the Distribution of Glycogen in the Liver Lobule, Anat. Rec. 104:189, 1949. 

9 Crandall, M. W., and Drabkin, D. L.: Cytochrome C in the Regenerating Rat Liver and 
Its Relation to Other Pigments, J. Biol. Chem. 166:653, 1946. 

10. Nutter, P. FE.: Depletion of Tissue Glycogen During Fasting and Fatigue, and Partial 
Recovery Without Food, J}. Nutrition 21:47, 1941. 

11. Cohn, EF. W., and Roe, J. H.: A New Technique of the Measurement of Glycogenesis : 
A Study of Glycogen Metabolism in the Liver Under Fasting Conditions, J. Lab. & Clin. Med. 
20: 106, 1944 

12. Novikoff, A. B., and Potter, V. R.: Biochemical Studies on Regenerating Liver, J. Biol. 
Chem. 173: 223, 1948 

13. Bogetti, H., and Mazzocco, P.: Glucogeno hepatico, muscular y cardiaco después de la 
hepatectomia parcial, Rev. Soc. argent. biol. 17:41, 1941 

14. Newburger, R. A., and Brown, F.: The Effect of Ether and Starvation on Liver Glycogen 
Maintenance After Various Diets, Am. J. Physiol. 136:746, 1942 
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zonation could be seen in fed animals, or in animals whose liver was packed with 
glycogen after cortisone administration despite a 24-hour fast (Aterman "*). This 
central location disagrees with the findings of Hrebeljanovich* and of Kater ** 
but agrees with the views of Mann,"’ Edlund and Holmgren,"* and Ekman and 
Holmgren * on the manner in which glycogen is withdrawn from the liver lobule. 
It should be pointed out that the nine rats were in the stage of glycogen depletion 
(16 to 24 hours) and in the stage when glyconeogenesis had set in. 


Liver GRANULES 

Control Lobe.—In the glycogen-free cell of the normal liver or the control 
lobe removed at partial hepatectomy, the only resolvable preformed Hotchkiss- 
staining components are certain granules, hereafter called liver cell granules 
(Figure, upper part). These are small, fairly uniform in size, round or roundish 
in shape, staining pale pink. They are localized near the nucleus and the “secretory 
pole” of the liver cell, where the bile capillary may be expected to be found. This 
position, incidentally, corresponds to the site where the first granules of vital dyes 
appear in storage experiments. Owing to the aggregation of the granules toward 
one pole of the liver cell and to the absence of cell boundaries in the Hotchkiss 
stain, the center of a liver cell cord appears in suitable sections to be occupied by 
a fine column of numerous fine granules. Such columns of neighboring trabeculae 
are connected at irregular intervals, thus creating the picture of a network which 
follows roughly the system of bile capillaries. 

In sections treated with buffer of pH 7 the liver cell granules swell. They 
resist extraction with a hot methanol and chloroform mixture or incubation for 
one to one and a half hours with saliva, In some animals the granules appear 
coarser than usual, with a rather strong brownish or orange tinge. This was seen 
occasionally in older animals, in animals which had received repeated biweekly 
injections of carbon tetrachloride for three months, in lobes whose branch of the 
portal vein had been tied, as early as four hours after ligation of the hepatic artery, 
and in one animal 24 hours after ligation of the common bile duct, where the 
granules were brownish and prominent. The most conspicuous changes occurred 
during starvation. A certain irregularity of size and shape of the liver cell gran- 
ules with their orange or brownish tinge could be seen in some animals fasting 
for two days. After five days the liver cell granules were obviously swollen, their 
outline appeared blurred, and the orange discoloration was prominent. All the 
changes described above appeared to be independent of the glycogen content of 
the liver cells. 


Regenerating Lobe (Figure, Lower Part).—As early as five minutes after 
partial hepatectomy peculiar intracellular vacuoles appeared in isolated areas. 
Within 30 minutes this vacuolation became generalized. It persisted with few 


15. Aterman, K.: The Effect of Cortisone on Early Fibrosis of the Liver in Rats, Lancet 
2:517, 1950. 

16. Kater, M. Mc. A.: Comparative and Experimental Studies on the Cytology of the Liver, 
Ztschr. Zellforsch. u. mikr. Anat. 17:217, 1933. 

17. Mann, F. C.: (a) The Cytology of the Liver and Its Functional Significance, in Cowdry, 
E. V.: Special Cytology, ed. 2, New York, Paul V. Hoeber, Inc., 1928, Vol 1; (b) The Cir- 
culation of the Liver, Quart. Bull. Indiana Univ. M. Center 4:43, 1942. 

18. Edlund, Y., and Holmgren, H., quoted by Ekman and Holmgren.* 
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exceptions up to 24 hours after partial hepatectomy. The size of the vacuoles 
varied, some of them being more than twice the diameter of the nucleus. With 
the periodic acid-leucofuchsin reagent they gave a pink stain of varying intensity, 
and, like the granules of normal liver cells, they resisted extraction with hot 
methanol and chloroform and incubation with saliva. As they will be the subject 
of a separate communication, only the following points will be stressed: 


1. The vacuoles did not seem to be connected with the process of regeneration. 
They could not always be seen in regenerating livers and were absent or greatly 
diminished in number in the regenerating livers of rats starved for three days. 

2. They showed many of the characteristics of the “watery vacuolation” 
described by Trowell '” and others in the liver of man and of experimental animals 
under conditions of oxygen lack. It is therefore thought probable that in the 
regenerating liver they are related to a transient hypoxia caused by the sudden 
circulatory changes following removal of some 70% of the vascular bed. 

3. Where large vacuoles did not disturb the relationship, it appeared as if 
there was a close spatial connection between the liver cell granules and the smaller 
vacuoles (Figure, lower part). When vacuolation failed to occur, e. g., in some 
animals of the starvation series, the liver cell granules were swollen. A similar 
swelling became apparent in some of the animals of the basic series, when the 
vacuoles were rather small. It was then not always possible to distinguish between 
small vacuoles or swollen liver cell granules. The morphological transition 
between swollen liver cell granules and vacuoles could be seen 30 minutes after 
partial hepatectomy and was still noticeable after 24 hours. 

Comment._-The tentative suggestion is advanced here that the liver cell gran- 
ules are part of the Golgi apparatus on the following grounds: Liver cell granules 
are distributed along the biliary system. The Golgi apparatus of the liver cells is 
similarly related to the bile canaliculi (Makarow, 1926, quoted by Pfuhl *°). Like 
the Golgi apparatus, whose apparent continuity has been described by Nassonov 
(quoted by Pfuhl *°), the liver cell granules extend as an unbroken chain from 
cell to cell along the bile canaliculi. It is also clear that the sites of deposition of 
trypan blue correspond with the Golgi apparatus and with the liver cell granules. 

Pfuhl*' stated that the “Internum Granula” of the Golgi apparatus are 
“identical” with some of the yellow or brown granules, of the pigments of “wear 
and tear.” The occurrence of a yellow or brownish color has also been noted on 
occasion in the liver cell granules. It has been shown that the latter can undergo 
changes in different functional states. Such a finding agrees with the known 
plasticity of the Golgi apparatus. Finally, Gersh ** has recently demonstrated a 
protein component of the Golgi apparatus of the duodenal epithelial cell. Histo- 
chemical studies led him to the conclusion that this component was possibly a 
lipoprotein, more probably a glycoprotein. 


19. Trowell, O. A.: The Experimental Production of Watery Vacuolation of the Liver, J. 
Physiol. 105: 268, 1946 


20. Pfuhl, W.: Die Leber, in von Méllendorff, W., editor: Handbuch der mikroskopischen 
Anatomie des Menschen, Vol. 5, Pt. 2, Berlin, Julius Springer, 1932, p. 235. 


21. Pfuhl, F.: Silberreduzierende Zellgranula und Gewebsstrukturen und ihre Beziehungen 
zum Vitamin-C-Stoffwechsel, Ztschr. mikr.-anat. Forsch. §0:299, 1941. 


22. Gersh, I.: A Protein Component of the Golgi Apparatus, Arch. Path. 47:99 (Feb.) 1949. 
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This demonstration, in conjunction with the findings quoted above, lends 


weight to the suggestion that the liver cell granules are in reality the Golgi. 


apparatus of the liver cell. 
Sinusomar 

Control.—The only stainable components of the sinusoidal cells which are 
resolvable are certain intracellular granules, hereafter called sinusoidal cell granules 
(Figure, upper part). As outlined by their granules, the sinusoidal cells may be 
divided arbitrarily into three groups, according to whether they appear rather flat 
or clearly spindle-shaped or triangular in sections. The majority of the sinusoidal 
cells in the normal and in the control specimens belong to the first two categories. 

The number of the sinusoidal cells containing granules varies from animal to 
animal and from field to field but is not as a rule large. The cells can be found 
closely applied to the basement membrane of the sinusoids, the outlines of which 
are thus accentuated. Occasionally several apparently free cells are seen in the 
lumens of the sinusoids, frequently in the vicinity of a somewhat larger vessel. 

The sinusoidal cell granules are distributed throughout the cytoplasm. Their 
number, size, and stainability vary—they may be fine, dust-like granules, similar 
to those of liver cells, or globules 2 to 3 » in diameter or larger; they may stain 
pale pink to deep red irrespective of their size, although frequently the larger 
globules stain quite intensely. Often one cell may contain only small granules, 
another only large ones, and a third one a mixture of the two. The over-all picture, 
however, is one of great variability (Figure, upper part), and it is this variability 
in size and staining reaction of the granules which appears to be characteristic 
of the sinusoidal cells of the normal animal. The granules persist after the section 
has been treated with hot methanol and chloroform and with saliva, and appear to 
belong to the group of lipoproteins or glycoproteins. Occasionally some of the 
cells contain brownish granules, which probably are pigment material. 

Four days’ starvation appeared to lead to an increase in the activity of the 
sinusoidal cells which was expressed by the occurrence of particularly large, 
intensely staining granules in some of them. In these animals and in the ones 
starved for five days there also appeared to be an increase in the amount of pigment 
in the cells in the form of fine granules or coarser clumps. There was no indication 
of jaundice in these animals, tested for by the van den Bergh reaction. In one 
animal, 26 hours after ligature of the branch of the portal vein to the main lobe, 
there was, in that lobe, an increase in the number of sinusoidal cells containing 
dark-staining granules of the variable type and brownish pigment. In another 
animal, four hours after ligature of the common bile duct, many sinusoidal cells 
contained rather small, intensely staining granules, but others showed globules 
measuring up to 4 to 5 ~. Many of them had an orange or brownish tinge. Twenty- 
four hours after bile duct ligation the number of sinusoidal cells containing 
granules was still larger, these being dust-like but prominent, often brownish. This 
change was observed also 48 hours after bile duct ligation. 


Regeneration.—Soon after operation the sinusoidal cells of the liver remnant 
underwent a characteristic change in their number and size and in their granu- 
lation (Figure, lower part). There was an apparent increase in the number of 
granular sinusoidal cells as early as three hours after removal of the main lobe in 
some animals, which became marked after six hours. At the same time the size 
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and the shape of the cells changed; compared with the corresponding control 
sections, in which the cells were predominantly spindle-shaped, the autopsy section 
contained many more large, swollen, triangular-shaped cells. In places this swelling 
was so extreme that almost the who.e lumen of the sinusoid appeared to be occu- 
pied by the sinusoidal cell. Sometimes two or three such cells were so closely 
situated that the outlines of individual cells no longer were visible. The over-all 
impression was that the sinusoidal cells had become more “active” soon after 
hepatectomy. The change persisted for three to four days after partial hepatectomy, 
although after 48 hours the number of the triangular cells had again decreased. 

Instead of the typical, variable granulations of the normal, or control, sections, 
many medium-sized granules now filled the cells. All were round and of uniform 
size and staining reaction, and all appeared paler and “softer” than before. This 
uniformity of size and stain ts typical of the granules in the sinusoidal cells of the 
regenerating liver. The change in this direction was first noticed after about six 
hours (Figure, lower part), when a mixture of the two types of granulations 
described was still present. At 12 and 24 hours, however, an almost uniform 
pattern of granules could be seen. Although at 48 hours these granules could still 
be detected, many swollen, granular sinusoidal cells now appeared “edematous” ; 
that is, they showed more marked ice-crystal artifacts, so that it was no longer 
easy to classify the granules. The uniform type of granulation was still present 
three days after operation but absent one day later. 

In the animals of the starvation series the changes in the granular sinusoidal 
cells were essentially the same except that they appeared to be perhaps still more 
evident and could be seen sooner. Again the characteristic, uniform type of 
granules supplanted the variable type of granulation seen in the control sections 
and produced quite a striking picture. 

Comment.-Gersh and Catchpole ' thought that the Hotchkiss-stained material 
in the sinusoidal cells of the normal animal had been removed by these cells from 
the blood stream. As a possible source they mentioned the basement membrane 
of the sinusoids. This explanation is in keeping with the known phagocytic 
activities of the sinusoidal cells. In the course of regeneration, however, a new 
type of granulation emerges simultaneously with an increase in the number and 
the size of the granular sinusoidal cells. 

The characteristic appearance of the swollen, enlarged cells, packed with gran- 
ules of uniform size, shape, and staining reaction, one cell much like the other, 
suggests the possibility that this may be the manifestation of a secretory process. 
If the time relationships are taken into consideration, one notices that the appear- 
ance, peak, and disappearance of the new type of granulation run roughly parallel 
to changes in the basement membrane and to the onset and cessation of growth of 
the liver remnant. Are the granules the material from which new basement mem- 
branes are built? Could it be that the sinusoidal cells are somehow connected with 
the deposition of the new connective tissue elements required for the rapidly grow- 
ing liver? Such a possibility is inherent in Maximow’s views on the histiocytes. 
The active participation of the sinusoidal cells in the formation of fibrous tissue 
in the liver under pathological circumstances has been repeatedly suggested.** 


23. Réssle, R.: Entziindungen der Leber, in Henke, F., and Lubarach, O.: Handbuch der 
speziellen pathologischen Anatomie und Histologie, Vol. 7, Berlin, Julius Springer, 1930. Nathan, 
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Camera lucida drawings of sections of normal and regenerating liver (from the same animal), 
fixed by freezing and drying and stained by the periodic acid-leucofuchsin method; approx. 
1,600. 

Upper part: Normal liver removed at operation 


The animal had been starved for 24 hours. 
The liver cells are free of glycogen 


The liver cell granules are fine, more or less uniform, 
oriented in the region of the bile capillaries. The sinusoidal cells are not prominent, and their 
cytoplasmic granules vary in size and in depth of staining. The basement membranes are fine, 
hardly detectable in most places. 

Lower part: Regenerating liver remnant six hours after partial hepatectomy. The liver cells 
are free of glycogen. The liver cell granules are swollen, transitions to numerous small vacuoles 
are present, and many medium-sized vacuoles can be seen. The sinusoidal cells are enlarged; 
their cytoplasmic granules are rather uniform. The basement membrane now is very prominent. 

The dark-staining cells in the sinusoids are polymorphonuclear leucocytes 
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Recently, Nicol and Helmy ** have, in another connection, considered the differ- 
entiation of macrophages into fibroblasts. The possibility, therefore, that the sinu- 
soidal cells under the appropriate stimulus can produce ground substance(s) should 
not be ignored, and would provide an explanation for the changes described in 
the present paper. 

BASEMENT MEMBRANES 

Control.—The account which follows only inadequately reproduces the fine pic- 
ture obtained by means of the periodic acid-leucofuchsin stains. As the cytoplasm 
of the hepatic cells fails to stain to any large extent, the sinusoids dominate the 
picture and are clearly outlined, so that under the low power the vascular structure 
of the liver is beautifully demonstrated. With sufficient enlargement and resolution, 
or any one level of focusing, the basement membrane in these 20- sections appears 
as a delicate, pale pink fibrillar line, but on focusing it can be visualized as a whole 
as a finely reticular, or wavy, membrane with a certain variation in the staining 
reaction. In some places apparently no basement membrane can be detected (Fig- 
ure, upper part); in others it is just visible, faint and pink; in others, again, it may 
appear as an almost continuous pink line, although the latter type is never very 
extensive. After incubation with buffer of pH 7 or with saliva for one to one and 
a half hours, or after extraction with hot chloroform and methanol, the basement 
membrane may swell and lose its finely fibrillar character, but the staining reaction 
frequently appears intensified. The delicate nature of the structures involved, how- 
ever, warrants caution in the interpretation of these changes in the staining reaction 
after the treatments mentioned. 

No gross changes could be noticed in the character of the basement membrane 
after starvation except that it perhaps appeared still finer and paler than normal 
toward the fifth day of the fast. In contrast to this, the basement membrane became 
more prominent four hours after ligation of the common bile duct, a change which 
persisted at least 48 hours. Changes noticed after carbon tetrachloride treatment 
have been described elsewhere ( Aterman 

Regeneration.—One hour after partial hepatectomy the basement membranes 
become more prominent. This change becomes quite impressive after three and six 
hours (Figure, lower part) and can perhaps be described best as a shift toward 
continuity: The previously finely reticular or fibrillar basement membrane now 
appears as a definite, firm, continuous line in sections, often more prominent because 
of the greater intensity of staining. This shift toward continuity was present also 


in the regenerating livers of the starvation series, perhaps to a more conspicuous 


degree. 

Toward the 24-hour period after operation, it appears as if the basement mem- 
branes remain continuous and prominent, but a certain thinning can be noticed in 
some places. This becomes more obvious toward the 48 hour period. Three days 


M.: La Cellule de Kupffer, J. anat. et physiol. 44:271, 1908. Malyschew, B.: Uber die Rolle 
der Kupffer’schen Zellen bei aseptischer Entsiindung der Leber, Beitr. path. Anat. 78:1, 1927. 
Gye, W. E., and Purdy, W. J.: The Poisonous Properties of Colloidal Silica, J. Exper. Path. 
5:238, 1924. Vidari, E.: Partecipazione del sistema capillare e reticolare del lobulo epatico nella 
genesi di sclerosi e di cirrosi, Sperimentale 92:469, 1939. Beible, and Higgins and Murphy, 
cited by Mann.'** Aterman.'5 

24. Nicol, T.. and Helmy, I. D.: Influence of Oestrogenic Hormones on the Reticulo- 
Endothelial System in the Guinea Pig, Nature 167:199, 1951. 
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after partial hepatectomy a transitional picture can be found, when there is a 
mixture of continuous and reticulated basement membranes. After four days they 
are mostly fibrillar again. 


Evans-Blue Injections—Single animals were given an injection 10 minutes 
before death and killed at 3, 13, 24, 48, 70, and 96 hours after partial hepatectomy, 
to see if the parallelism found by Gersh and Catchpole ' between the degree of poly- 
merization of the ground substance and the uptake of Evans blue could be utilized 
in this study. In control animals the basement membrane does not stain with Evans 
blue, nor can the dye be detected in the sinusoidal cells. In the regenerating lobe 
the basement membrane could be visualized in some regions after 3 hours and after 
13 hours as a thin blue membrane. After 48 hours the basement membrane could 
he seen, but it was paler than in the other animals. At 70 hours it could be seen 
again only in some places, and after 96 hours no difference from the normal was 
found. Throughout, phagocytosis, if it occurred at all, was scanty. Although not 
conclusive, these changes tend to agree with the behavior of the basement membrane 
described in the preceding paragraphs. 

Other Findings.—Five minutes after operation many polymorphonuclear cells 
could be seen in the liver. Their number decreased progressively and was moderate 
or scanty at © and 12 hours after operation. It is not certain whether this finding 
represents a constant feature of the early stages of regeneration. 

Collagenase.-Gersh and Catchpole' have reported the erratic occurrence of 
collagenase, a depolymerizing enzyme, in the normal liver and in hepatomatous 
tissue. The possibility that there might be an increase in the regenerating, rapidly 
growing remnant was therefore investigated, and normal liver, liver removed at 
partial hepatectomy, and the corresponding remnant after 6, 24, and 48 hours were 
incubated with “azocoll.” No collagenase activity could be detected in any of these 
groups. 

Mucoprotein Levels in the Blood.—These levels were determined on the assump- 
tion that depolymerization of the ground substance of the liver might raise the 
normal blood levels. Cardiac puncture was performed in groups of three rats each 
6, 24, and 48 hours after partial hepatectomy. The values obtained in the hepa- 
tectomized animals were found to be the same as those in a series of normal rats. 

Comment.—lIt is believed that when, during regeneration, the basement mem- 
branes change from the fibrillar to the continuous, sheet-like appearance, the change 
is due to the emergence of stainable material where previously little or none could 
be seen. It is as if inert, nonstaining material had become reactive under the influ- 
ence of the stimulus to regeneration. The suggestion is now advanced that this 
change can be explained and understood in the light of the working hypothesis put 
forward by Gersh and Catchpole.'. The ground substance or substances of the 
connective tissue contain glycoproteins in a certain state of polymerization which 
determines their physical characteristics. Changes in the degree of polymerization 
would lead to changes in viscosity, solubility, and staining properties. It is such 
a change in the staining properties of some of the previously inert material which 
forms the basis of the morphological alteration of the basement membrane described 
in the present paper. In the course of rapid growth the polymerized ground sub- 
stance of the resting liver becomes depolymerized to a varying extent. That this 
change is somehow connected with growth, either preparatory to or coincident with 
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it, is suggested by the remarkable parallel found if the time relationships between 
the morphological alterations noted here and the onset, peak, and termination of 
rapid restoration of the liver remnant are studied, It will be recalled that changes 
in the basement membrane become obvious between three and six hours after 
partial hepatectomy. At 24 to 48 hours dissolution, shown as thinning, sets in; 
at 72 hours a mixture of “resting” and of “regenerating” basement membranes can 
be found, and at 96 hours they have reverted to their original state. By that time 
the active period of growth has also ceased.** The greatest change in the basement 
membrane corresponds to the period of most marked growth as judged by estima- 
tion of liver mass,” chemical determinations,”* or the occurrence of mitoses. The 
latter follow an interesting pattern: After an initial delay mitosis sets in “rather 
abruptly” *°” between 18 and 24 hours ** to reach a maximum variously put at 
24 to 28 hours,**” 30 hours,** 48 hours,** and 14% to 3 days.'* It will be noted 
that the onset of mitotic activity corresponds to the period of beginning dissolution 
of the altered basement membrane, an observation which leads one to the tentative 
suggestion that growth (i. e., mitosis) takes place if and when the ground substance 
of the basement membrane has reached a degree of depolymerization (i. e., fluidity ) 
which will allow rapid expansion. Conversely, cessation of growth would be caused 
at least in part by a reversal to the original state of polymerization. With such a 
growth-regulating mechanism in mind one could explain, e. g., Marshak’s ** obser- 
vation of the later peak of mitotic activity in older animals as contrasted with the 
early peak in young animals (third day as opposed to the first day after partial 
hepatectomy ) as being due to different rates of change of the ground substance in 
old and young animals. Similarly, the unexplained variations in the degree of 
restoration after removal of the main lobe, noticed by Crandall and Drabkin® (no 
appreciable restoration in one, greater-than-expected restoration in another animal ), 
could be interpreted as a failure of the growth-regulating mechanism of the support- 
ing connective tissue elements. Finally, the explanation of the known impaired 
regenerative capacity of the fibrotic liver may well be found in a failure of the 
fibrous tissue to depolymerize to a sufficient extent. 


6 


Little is known about the factors which influence the state of the ground sub- 
stance of the liver sinusoids. In a preceding paragraph attention was drawn to the 
possible role of the sinusoidal cells in the metabolism of the ground substance. This 


25. (a) Roberts, S., and Szego, C. M.: Early Reduction in Uterine Response to Alpha- 
Estradiol in the Partially Hepatectomised Rat, and the Subsequent Enhancement During Active 
Liver Regeneration, Endocrinology 40:73, 1947. (b) Gard, F. N.; Vars, E. M., and Ravdin, 
I. S.: Composition of the Regenerating Liver After Partial Hepatectomy in Normal and 
Protein Depleted Rats, Am. J. Physiol. 152:11, 1948. (c) Crandall and Drabkin.® (d) Brues, 
Drury, and Brues.*» 

26. (a) Stowell, R. E.: Nucleic Acids and Cytologic Changes in Regenerating Rat Liver, 
Arch. Path. 46:164 (Aug.) 1948. (b) Christensen, H. N.; Rothwell, J. T.; Sears, R. A., and 
Streidher, J. A.: Association Between Rapid Growth and Elevated Cell Concentration of Amino 
Acids: II. Regenerating Liver After Partial Hepatectomy in the Rat, J. Biol. Chem. 175:101, 
1948. (c) Novikoff and Potter.!* 

27. (a) Szego, C. M., and Roberts, S.: The Influence of Ovariectomy on the Chemical 
Composition of Regenerating Rat Liver, J. Biol. Chem. 178:827, 1949. (b) Gurd and others.25» 

28. Roberts and Szego.*5* Szego and Roberts.27® 


29. Marshak, A.: Use of Regenerating Liver as a Method of Assay, Proc. Soc. Exper. Biol. 
& Med. 59:200, 1945. 
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would be in keeping with the part postulated for the fibroblasts by Gersh and 
Catchpole.'’ The increased amount of blood flowing through the sinusoids of the 
liver remnant must be taken into account in view of Mann's * statement that the 
liver regenerates because of the need for restoration of the portal pathways. 
The observation that a presumably hypoxic vacuolation occurs in the liver cells 
shortly after partial hepatectomy points to the possible part which lack of oxygen 
may play as a stimulus leading to the changes described in the sinusoidal wall. And, 
finally, the influence of the state of the functioning parenchyma of the liver cells 
themselves on the state of the sinusoids will have to be considered. 

It was the purpose of the present paper to see how much the changes in the 
connective tissue elements could contribute to the understanding of the process of 
restoration of the liver. Whatever the stimulus to growth may be, it cannot be 
expressed in terms of the liver cells alone. An altered physical state of the ground 
substance, the supporting blood-liver cell barrier, can well be conceived of as a 
conditio sine qua non on which the liver cells depend not only for the delivery of 
materials required for rapid growth but also, in a manner of speaking, for the 
release from their growth-restraining bonds. The changes reported here not only 
fit well into the framework of the general hypothesis of Gersh and Catchpole? but 
agree with some of the facts known about the restoration of the liver and help in 
the understanding of the initial period of apparent delay or “preparation” in liver 
restoration, for which so far no explanation had been advanced. 


SUMMARY 

Changes occurring in the livers of normal and of starving rats before and after 
partial hepatectomy have been studied in sections of frozen-dried material by means 
of the periodic acid-leucofuchsin reagent. 

Glycogen is demonstrably increased in prolonged starvation as compared with 
shorter fasts. 

A system of liver cell granules has been described, and the suggestion is advanced 
that this system may be part of the Golgi apparatus. 

Glyeogen-free, fat-free vacuoles have been noticed shortly after partial hepa- 
tectomy in the cells of the regenerating remnant. 

The granulations of the sinusoidal cells in the liver at rest change in a char- 
acteristic manner in the regenerating remnant. The possibility is considered that 
this may be the expression of a secretory activity of the sinusoidal cells connected 
with changes in the ground substance. 

The fibrillar basement membranes of the resting liver assume a sheet-like, con- 


tinuous appearance during the period of active growth of the liver remnant. This 


is considered to be the result of a change in the degree of polymerization of its 
main components. 
Department of Anatomy, University of Birmingham Medical School. 
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SOME LOCAL FACTORS IN THE RESTORATION OF THE RAT'S 
LIVER AFTER PARTIAL HEPATECTOMY 


Il. “Watery Vacuolation”: Its Relation to the Vacuolation of Anoxia 


K. ATERMAN, M.D., M.R.C.P.,, D.C.H. 
BIRMINGHAM, ENGLAND 


HE glycogen-free, fat-free vacuoles occurring in the regenerating liver rem- 

nant after partial (70% ) hepatectomy were mentioned in the preceding paper. 
They resemble closely the vacuoles present in the liver of experimental animals 
exposed to anoxia. If the vacuoles in these two conditions are in fact identical, 
we would be in a position to apply the large number of observations on anoxic 
vacuolation to a better appreciation of some of the local factors which obtain in 
regenerating liver. ° 

The methods used and the animals are the same as those described in the 
preceding paper. 

RESULTS 

Control Lobes.—It was shown in the preceding paper that fine intracellular 
granules are present in the liver cells. (See upper part of the figure in the pre- 
ceding paper.) The granules are arranged around the bile capillaries and are 
stained pink with the Hotchkiss method. They tend to swell after incubation with 
phosphate buffer of pH 7 but resist extraction with hot methanol and chloroform, 
and incubation with saliva. The suggestion was advanced that these granules form 
part of the Golgi apparatus of the liver cells. 

Vacuolation of Regenerating Lobes.—Animals killed at intervals ranging from 5 
minutes to 24 hours after partial hepatectomy showed the occurrence of “globules” 
in the hepatic cytoplasm. (See lower part of the figure in the preceding paper.) 
During this interval the cytological picture was not uniform (Table 1). The 
vacuoles were characterized by a marked variation in number, size, and staining 
intensity. Because of the invisibility of cell boundaries in the Hotchkiss-stained 
sections, the vacuoles in each cell could not be counted. Arbitrarily they could be 
divided into small, medium, and large ones, the largest exceeding the nucleus in 
size. Toward the 24-hour period, however, they appeared more uniform. All were 
round or roundish, and their outline was mostly sharp, smooth, and regular, but 
occasionally they were slightly indented. Most of them were homogeneous and 
appeared fairly solid, particularly if they were small or medium-sized, but the 
larger vacuoles sometimes presented a lamellated appearance, whereas others 
clearly showed ice-crystal artifacts in the form of a fibrillar structure. The staining 
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of the vacuole content varied from a faint to an intense pink. There did not appear 
to be any strict correlation between the intensity of the stain and the size of the 
vacuoles, although the larger ones often seemed paler. It is not possible to say 
whether there were any vacuoles whose content did not stain. Such optically 
empty vacuoles were noted by Trowell '® and others in anoxic livers. 

When the vacuoles were few or when they were small or medium-sized, they 
seemed to be related to the liver cell granules. Occasionally the latter appeared 
swollen, so that they seemed to represent transition forms leading to the vacuoles 
(Fig. 2, preceding paper). These granules were also swollen in some livers where 
vacuole formation was scanty or altogether absent. 


No definite relation could be established as far as the intralobular localization 
was concerned. With two exceptions, it seemed that vacuolation when present 
was generalized. One of the exceptions was the liver of an animal killed five 


Taste 1.—Occurrence of Vacuoles in the Liver of Rats at Various Intervals 
After Partial Hepatectomy 


Time After 
Operation 


Hr Animals V acuoles 
Seanty, localifd vacuoles; granules «wollen in places 
! Numerous, generalized small-to-medium vacuoles; transi- 


tional granules 


Numerous, generalized small, medium, and large vacu- 
oles (up to about twice the diameter of nucleus); 
transitional granules 


: 4 (1) Numerous vacuoles, about as large as nucleus; 
granules pot seen. (2) Very few vacuoles observed 
" 8 Small-to-medium vacuoles in one, absent in two; tran- 
sitional granules in one 
bed ? (1) Some vacuoles as large as nucleus; transitional 
granules. (2) Numercus, small vacuoles; transitional 
granules 
6 3 Seanty vacuoles in two, absent in one 
(1) Numerous vacuoles; transitional granules. (2) 
Vacuoles absent 
- ‘ Absent in 3, seanty in one 
72 ‘ Absent in 3, seanty in one 
- J Fairly numerous in 1, absent in the other 
1 Absent 


minutes after hepatectomy, in which vacuoles were just beginning to appear. Here 


they were seen, in one area only, to form around a portal tract and, in greater 
number, in the subcapsular regions of the lobe. This agrees with Altmann’s * 
observation, that in anoxic livers minor degrees of vacuolation may be localized 
and that subcapsular regions may be more severely affected. 

Incubation of alcohol-treated slides with phosphate buffer of pH 7 did not 
affect the vacuolar content to any great extent, although possibly there was a slight 
decrease in the number of vacuoles after such treatment, particularly of the paler- 
staining ones. They resisted incubation with saliva for one to one and a half hours 
and persisted after overnight extraction with hot methanol and chloroform. The 


1. Trowell, O. A.: (a) Liver Vacuoles and Anoxemia, Nature 1§1:730, 1943; (b) The 
Experimental Production of Watery Vacuolation of the Liver, J. Physiol. 105:268, 1946. 

2. Altmann, H. W.: (a) Uber das Auftreten von Vakuolen, Einschlusskérperchen und 
hyalinen Tropfen in den Leberzellen bei experimentellem Sauerstoffmangel, Zentralbl. allg. Path. 
83:57, 1945; (b) Cher Leberveranderungen bei allgemeinem Sauerstoffmangel, nach Unterdruck 
experimenten an Katzen, Frankfurt. Ztschr. Path. 60:376, 1949 
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vacuoles described in anoxia similarly contained neither fat nor glycogen. That 
some protein must be present had been concluded by all the investigators in the 
held with the exception of Florentin and his associates." The staining reaction 
with the Hotchkiss reagents described in the present series suggests that the 
protein in question belongs to the group of glycoproteins or lipoproteins. 

Other Changes——Pichotka,* Trowell,"” and Altmann * had observed a swelling 
of the liver cells in anoxic vacuolation. In view of the distance between the limiting 
sinusoidal basement membranes the liver cells appeared swollen in the present 
sections. This is in agreement with the measurements of Brues, Drury, and Brues,’ 
and Stowell® on the regenerating liver early after hepatectomy. 

Evans-Blue Staining —One cubic centimeter of 2% Evans-blue water injected 
intravenously into partially hepatectomized animals 10 minutes before death was 
not segregated into the vacuoles. In one such animal the nuclei of the hepatic 
cells in one sector of the liver showed an intense blue stain, from which the 
occurrence of cell injury was inferred. Despite this, no vacuoles were stained blue. 


Taste 2—Occurrence of Vacuoles in Rats Starved Forty-Eight and Seventy-Two 
Hours Prior to Partial Hepatectomy 


Starvation 
Time Time After 
Prior to Partial Hepa- 
Operation, tectomy, 
Hr Hr Animals Vacuoles 
ws 3 Rare vacuoles in 1, absent in 2 


2 2 (1) Numerous small or medium vacuoles; 
transitional granules. (2) Vacuoles absent 
2 (1) Some small-to-medium vacuoles; transi- 
tional granules. (2) Searece vacuoles, with 
transitional granules 


Absent 
Seanty in 1, absent in 2 
Absent 


Starvation —W ith the exception of one animal with marked early vacuole 
formation, vacuolation was scanty or altogether absent in rats starved for two or 
three days prior to partial hepatectomy (Table 2). 

Other Experimental Procedures ——A list of some conditions in which the 
presence or the absence of vacuoles was observed is given in Table 3. Generalized 
vacuolation did not occur. Where localized vacuolation was present, it was always 
scanty, limited to small groups of cells, and without any preferential intralobular 
localization. This is similar to the irregular distribution of vacuoles in “almost 
miliary” regions described by Kettler.’ 

3. Florentin, R.; Grandpierre, R.; Grognot, P., and Rayer, J.: Modifications histologiques 
du foie provoquées par l'anoxémie, Compt. rend. Soc. biol. 138: 280, 1944. 

4. Pichotka, J.: Tierexperimentelle Untersuchungen zur pathologischen Histologie des 
akuten Hoéhentodes, Beitr. path. Anat. 107:117, 1942. 

5. Brues, A. M.; Drury, D. R., and Brues, M. C.: A Quantitative Study of Cell Growth 
in Regenerating Liver, Arch. Path. 22:658 (Nov.) 1936. 

6. Stowell, R. E.: Nucleic Acids and Cytologic Changes in Regenerating Rat Liver, Arch. 
Path. 46:164 (Aug.) 1948. 

7. Kettler, L. H.: Uber die vakuolige Degeneration der Leber, Arch. path. Anat. 315:587, 
1948. 


72 15 1 a 
72 3 
72 48 1 
? 


212 A. M. A. ARCHIVES OF PATHOLOGY 


COMMENT 


The vacuolation occurring in the liver remnant after partial hepatectomy had 
recently been noticed by Price and Laird." The vacuoles described in the present 
series show many points of similarity when compared with the glycogen-free, 
fat-free vacuoles described by the German school in hypoxic conditions * and by 
Trowell.’ The latter '® came to the conclusion that at least two factors are con- 
cerned in the experimental production of this peculiar pathological state: (1) 
anoxia and (2) an increased, or at least a normal, intrasinusoidal pressure. If the 
“watery vacuolation” is viewed in the light of this conclusion, its presence or 
absence as well as apparent irregularities can well be understood, particularly if 
the reciprocal relation between the blood flow in the portal vein and that in the 
hepatic artery is kept in mind. According to Mann,'® an increase of the blood flow 
in the one leads to a decrease in the other. Applying this principle to the vacuoles 
described in the regenerating liver, and comparing them with Trowell’s '® findings 


Taste 3.—Occurrence of Vacuoles in Various Conditions 


Time After 


Surgical 
Treatment, 
Procedure Rats Hr. Vacuoles 
Ligation of main braneh of portal vein 3 3 
Ligation of bile duet 3 ‘4 Some small, localized vacuoles 
u Moderate number of vacuoles, localized 
45 Few, localized 
Ligation of hepatic artery 1 ‘ Absent 
Adrenalectomy 6 days before partial 1 2 Absent 
hepatectomy 
Injections of carbon tetrachloride: 6.1 2 Localized, scanty 
ce., twiee weekly (% and 38 injections) 2 
As above, but treated with 140 mg. of 2 Localized, seanty 
cortisone in 10 days prior to autopsy 
Starvation only ‘4 u Absent 
2 as Absent 
2 Absent 
2 116 Absent 
1 injeetion of carbon tetrachloride 2 2% Absent 


in anoxia, we can reach a degree of agreement which makes it highly probable 
that the two types of vacuolation are identical (Table 4). The value of this con- 
clusion would lie in allowing us to correlate the hitherto unconnected data on 
hypoxic states of the liver with some of the data on liver regeneration. 

The mechanism by which the vacuoles are formed is at present subject to 
speculation. According to Altmann,* in anoxia the damaged blood-liver cell barrier 
allows fluid and proteins from the blood to penetrate into the cells—an “intra- 
cellular oedema,” as Trowell '® has put it. It should be pointed out, however, that 


& Price, J. M.. and Laird, A. K.: A Comparison of the Intracellular Composition of 
Regenerating Liver and Induced Liver Tumors, Cancer Res. 10:650, 1950. 

9. (a) Hease, W.: Untersuchungen tber das Bild der vakuoligen Degeneration in der Leber 
am menschlichen Sektionsgut, Beitr. path. Anat. 107:173, 1942. (b) Miller, E., and Rotter, W.: 
histologische Verinderungen beim akuten Hoéhentod, ibid. 107:156, 1942. (c) Biichner, 
F.: Die pathogenetische Wirkung des allgemeinen Sauerstoffmangels, Zentralbl. allg. Path. 
83:53, 1945; (d) Luftit. med. 6:681, 1942; cited by Altmann.” (¢) Pichotka.* (f) Kettler.? 


10. Mann. F. C.; Circulation of the Liver, Quart. Bull. Indiana Univ. M. Center 4:43, 1942. 
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Henry and associates '' considered a generalized increase in capillary permeability 
to occur only in very severe anoxia; that Hopps and Lewis"? found neither an 
altered rate of disappearance of the dye T-1824 (Evans blue) or of antibody 
globulin from the blood stream nor significant changes in the amount of plasma 


proteins after acute anoxia in guinea pigs, and that Lawless and van Liere "* could 


Tarie 4.—Comparison of Findings Reported by Trowell on Normal Rats Subjected to Anoxia 


and Findings in Present Series of Regenerating Livers, to Show Similarities 


of Vacuoles of Anoxia and Those Formed During Regeneration 


Animals 
Weight 
Starvation 


Duration of experiment 

Anesthesia 

Death by 

Observations relating to vacuoles 
Number in cell 
Size 


Shape 

Outline 
Location in cell 
Golgi apparatus 


Content 


Produced 
Time of appearance 
Full development 


Reversibility 
Distribution in liver 


Zonal preference 

Swelling of liver cells 
Relation to glycogen 
Segregation of dyes 


Experimental procedures 
Simultaneous ligation of portal 
vein, hepatic artery, and he. 
patie vein 
“Congestion” 


Prolonged starvation 

Ligation of hepatic artery 

Ligation of left branch of 
portal vein 

Ligation of bile duct (in vivo) 


Other damaging agents 


Trowell's Series 
Rats and other mammals 
Adult 
2% hr. 


Up to 2 br. 
Open ether 
Exsanguination 


1-12, mostly 2-3 
2-12 large (mostly as large as 
nucleus) 


Spherical, off round, polyhedral, 
flattened, often indented 


Sharp, smooth, regular margin 
Close to nucleus 
Not demonstrated 


Not gas 

Not glycogen 
Not fat 
Protein 
Water 


In vivo 
5-8 min., small, in some cells 


About 40 min. in majority of 
cells 


Probable 
Generalized 


None 

Present 

Probable 

Not seen with neutral red, 
methylene blue, methyl green 


Vacuoles absen: 


Vacuoles present 
(Not studied) 


Vacuoles absent 
Vacuoles absent 


Vacuoles absent after 1-2 br. 


(Not studied) 


Present Series 
Female rats 
106-214 gm. (143 gm.) 


Starvation series: 72 hr. 
Basic series: 24 hr. 


5 min. to 6 days 
Open ether 
Exsanguination 


Variable 

Small, medium, large mostly 
medium 

Round or roundish 


Sharp, smooth, regular margin, 
occasionally irregular 


Related to location of liver cell 
granu 

Liver cell granules probably 
represent Golgi apparatus 

Not gas 

Not glycogen 

Not fat 

Protein (lipoprotein! glyco- 
protein’) 

In vivo 

5 min., small, in some cells 

30 min. in majority of cells 


Probable 


Generalized in regenerating 
liver; localized in other 
experiments 


None 

Probably present 
Probably none 

Not seen with Evans blue 


Absent from control lobe 


Present in liver remnant after 
partial bepatectomy 

Vacuolation decreased or absent 
after partial hepatectomy 


Absent 
Absent 


Seanty vacuoles after 4 hr., 
more after 24 hr. 

Carbon tetrachloride-localized 
vacuolation 


11. Henry, J.; Goodman, J., and Meehan, J.: Capillary Permeability in Relation to Acute 
Anoxia and to Venous Oxygen Saturation, J. Clin. Invest. 26:1119, 1947. 


12. Hopps, H. C., and Lewis, J. H.: 


Anoxemia, Am. J. Path. 28:829, 1947. 


13. Lawless, J. L., and van Liere, E. J.: The Effect of Various Degrees of Anoxia on Water 
Distribution in the Body, Am. 


J. Physiol. 149:103, 1947. 
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not detect any significant changes in the water content of various organs, including 
the liver, of animals during acute anoxia. In the regenerating liver, also, Hark- 
ness ‘* could not find any significant increase in the total amount of water for the 
first 10 hours after partial hepatectomy. Similarly, Szego and Roberts '* consid- 
ered the whole early increase of liver mass (O to 16 hours after partial hepatec- 
tomy) to be due to an accumulation of lipids, an influx of water taking place only 
later with the onset of mitotic activity. At the present time, then, it seems unlikely 
that permeability changes or water shifts account for the occurrence of the vacuoles. 

in the light of these observations the views of Buchner ** gain in interest. 
He concluded that "' “. . . in generalised lack of oxygen it is the cellular paren- 
chyma which is primarily damaged, and no significant role could be attributed 
to the exudation of serum.” Pichotka,* struck by the rapidity with which vacuo- 
lation and other changes could occur in the anoxic cell, thought that a “cata- 
strophic disturbance of enzymatic processes” might lead to the depolymerization of 
cell components of high molecular weight. This is an interesting hypothesis which, 
if confirmed, would enhance the understanding of a group of cellular “degenera- 
tions.” It has been pointed out in the descriptive part of this paper that the liver 
cell granules are the only Hotchkiss-staining microscopic component in the liver cell 
other than glycogen. The vacuoles appear to be related to them not only in their 
localization but also through the occurrence of apparent “transition forms.” It is 
conceivable that a breakdown of the liver cell granules could create a localized 
osmotic potential leading to the formation of vacuoles. That changes in enzymatic 
activity can oceur in the regenerating liver has been shown by Novikoff and 

Starvation apparently inhibits or prevents vacuole formation, for only few or 
none could be found in the regenerating remnant if partial hepatectomy was per- 
formed after 48 to 72 hours’ fast. Several factors may be involved in produc.ng 
this effect. The sinusoidal dilatation in the liver of starving rats '’ may prevent 
a sufficient rise of the intrasinusoidal pressure. The slight increase in liver glyco- 
gen known to occur in prolonged starvation may be sufficient to protect the liver, 
for Trowell’ noticed a relative absence of anoxic vacuolation in glycogen-rich 
livers. The oxygen consumption of the liver is decreased. This explanation would 
be in keeping with a decrease in the basal metabolic rate occurring after 48 hours’ 
starvation. Laugier and Leblond '* advanced this as an explanation of the protec- 
tive effect which they noticed starvation of 48 to 96 hours has on rats exposed 


to anoxia, as opposed to the decreased resistance present after a fast of 12 to 
24 hours 


This curious parallel to the occurrence of vacuolation in the regenerat- 


14. Harkness, R. D.: Personal communication to the author. 
15. Szego, C. M., and Roberts, S The Influence of Ovariectomy on the Chemical Composi- 
tion of Regenerating Rat Liver, J. Biol. Chem. 178:827, 1949. 


16. Novikoff. A. and Potter, V. R.: Biochemical Studies on Regenerating Liver, J. Biol. 
Chem. 173:223, 1948 


17. Hrebeljanovich, M. von C. L.: Uber histologische Veranderungen in Leber und Herz 
der hungernden Ratte, Arch. f. exper. Path. u. Pharmakol. 180:690, 1935. Davidson, J. N., 
and Waymouth, ¢ Nucleoproteins of Liver Cell Demonstrated by Ultraviolet Microscopy, 


J. Physiol. 105:191, 1946 


18. Laugier, H., and Leblond, C. P.: Influence du jeune et de la réalimentation sur la 
résistance a l'anoxie, Rev. canad. biol. 2:474, 1943 
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ing liver following partial hepatectomy in animals starving for 16 to 24 hours 
and its absence or marked reduction if the same operation is performed after a 
fasting period of 48 to 72 hours, points again to the similarity between this type 
of vacuolation and the vacuolation of anoxia. 

That anoxia damages liver function has been shown by Schnedorf and Ohr."* 
The inhibiting effect on liver function of a raised intrasinusoidal pressure has 
been demonstrated by Tanturi and Ivy.*° Both these factors were shown by 
Trowell *® to be involved in the production of the watery vacuolation in anoxia. 
The presence of vacuolation in the regenerating liver would therefore lead one to 
expect a similar functional impairment. Sufficient evidence of this can be found 
in the literature.** Royer and Bogetti ** observed within eight hours after partial 
hepatectomy (51%) an increase in the bilirubin of the serum which reached its 
maximum at 24 hours and disappeared between the fifth and sixth day. In view 
of the similarity between the vacuolation present in anoxia and that in the regen- 
erating liver the suggestion is advanced here that the vacuolation described in the 
present paper is the morphological counterpart of these functional disturbances. 

An interesting inference would follow from this conclusion. According to 
Mann,” the stimulus to liver regeneration is the need for the restoration of the 
portal pathways. This view is based partly on the experiments of Higgins, 
Mann, and Priestley,** who found that in the fowl partial hepatectomy would 
lead to liver growth only if, by means of a ligature on the vena cava, blood from 
the legs and the kidneys was shunted through a naturally occurring anastomosis 
into the portal vein. This, however, may well have led to a functional impair- 
ment of the liver, an influx of venous blood leading to the combination of the 


two factors shown by Trowell to result in the production of liver vacuolation. If 
that be the case, regeneration would in the liver, as in other regenerating organs, 


19. Schnedorf, J. G., and Ohr, T. J.: The Effect of Anoxemia and Oxygen Therapy upon 
the Flow of Bile and Urine in the Nembutalised Dog: II. Its Possible Relation to the Hepato- 
Renal Syndrome, Am. J. Digest. Dis. Nutrit. 8:356, 1941. 

20. Tanturi, C. A., and Ivy, A. C.: A Study on the Effect of Vascular Changes in the Liver 
and the Excitation of Its Nerve Supply on the Formation of Bile, Am. J. Physiol. 121:61, 1938. 

21. Anderson, C. E.; Cornatzer, W. E., and Andrews, J. C.: Role of the Liver in the 
Metabolic Destruction of Quinine, J. Pharmacol. & Exper. Therap. 79:62, 1943. Sheifley, C. H., 
and Higgins, J. M.: The Effect of Partial Hepatectomy on the Action of Certain Barbiturates 
and a Phenylurea Derivative, Am. J. M. Sc. 200:264, 1940. Dugal, L. P., and Desmarais, A. : 
Hépatectomie partielle et résistance du rat blane au chlorhydrate de 2-(naphtyl-1'-méthyl)- 
imidazoline (privine), Rev. canad. biol. 4:114, 1945. Kellaway, P. E.; Hoff, H. E., and Leblond, 
C. P.: The Response to Thyroxine After Subtotal Hepatectomy, Endocrinology 36:272, 1945. 
Leblond, C. P.: Detoxification of Progesterone: Derivatives in the Liver, Am. J. M. Sc. 
204:566, 1942. Segaloff, A.: The Effect of Partial Hepatectomy on the Inactivation of 
a-Estradiol, Endocrinology 38:212, 1948. Schiller, J.. and Pincus, G.: The Metabolism of 
Estrone in Normal and Partially Hepatectomized Rats, Endocrinology 34:203, 1944. 

22. Royer, M., and Bogetti, A.: La biblirubina y urobilina en la sangre y orina de las rates 
lepatectomizadas, Rev. Soc. argent. biol. 15:297, 1939; La bilirubine et l'urobiline du sang et de 
l'urine chez les rats hépatectomisés, Compt. rend. Soc. biol. 133:718, 1940. 

23. Mann. F. C.: Circulation of the Liver in Relation to Restoration Following Partial 
Removal, Arch. Path. 14:286 (Aug.) 1932. W. H. Welsh Lectures: II. Restoration and 
Pathologic Reactions of the Liver, J. Mt. Sinai Hosp. 11:65, 1944. 

24. Higgins, G. M.; Mann. F. C., and Priestley: Restoration of the Liver of the Domestic 
Fowl, Arch. Path. 14:491 (Oct.) 1932. 
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be due to a physiological need for functioning tissue, and not merely for restora- 
tion of the vascular bed. 

In conclusion it should be mentioned that an apparently similar vacuolation 
has been reported by several workers to occur in other organs and in a variety 
of conditions. “Watery vacuolation” therefore appears to be a fairly widespread 
cellular response to injury. Its occurrence in the regenerating liver is an unex- 
pected finding and deserves further investigation. 


SUMMARY 


Glycogen-free, fat-free vacuoles were found to be present in the livers of rats 
as early as five minutes after partial hepatectomy. Vacuolation was scanty or 
absent in animals starved for three days prior to partial hepatectomy. The occur- 
rence of vacuolation after ligature of the bile duct and after repeated injections 
of carbon tetrachloride, with or without cortisone, has been noted. The condi- 
tions of vacuole formation in the regenerating liver have been considered in the 
light of Trowell’s experimental findings on anoxic vacuolation. It is concluded that 
the vacuolation observed after partial hepatectomy is identical with that observed 
in the liver in anoxic states. 


The Commonwealth Fund has given generous support. The work was aided by a grant 
from the American Cancer Society, recommended by the Committee on Growth, of the National 
Research Council, and by a grant from the Wallace C. and Clara A. Abbott Memorial Fund 
of the University of Chicago. Dr. I. Gersh gave his encouragement and help. 
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RENAL AND VASCULAR LESIONS ELICITED BY “RENIN” IN RATS 
WITH DESOXYCORTICOSTERONE HYPERTENSION 


GEORGES M. C. MASSON, Ph.D. 
A. C. CORCORAN, M.D. 
AND 


IRVINE H. PAGE, M.D. 
CLEVELAND 


NJECTION of renal extracts containing renin elicits a syndrome of oliguria, 

edema, hypertension, and convulsions in rats pretreated with desoxycorticos- 
terone acetate and excess sodium chloride. The course and the characteristics of 
this eclampsia-like syndrome have been described previously." The present report 
is a description of the lesions found in these animals at autopsy. 


METHODS 


The renal extract containing renin (hereinafter referred to as “renin”) was prepared by 
Dr. A. A. Green; it contained 30 mg. protein per cubic centimeter; 0.1 cc. of the extract 
caused an increase of arterial pressure of 35 mm. Hg in a pentobarbitalized dog. Dr. Harry 
Goldblatt 2 made an assay which indicated that the material contained 56 dog units of renin 
per cubic centimeter, i. ¢., that 0.018 cc. caused a rise of arterial pressure of 30 mm. Hg in the 
unanesthetized trained dog. Tests by Dr. Goldblatt on a pentobarbitalized dog given an injection 
of 0.1 cc. of this extract showed a rise of 75 mm. Hg on one occasion and a rise of 35 mm. 
Hg on another. 

Sprague-Dawley rats of 150 gm. average body weight were uninephrectomized and given 
1% sodium chloride solution as a substitute for water. They were divided into four groups: 
Group 1 was given desoxycorticosterone alone, Group 2 was given renin without the steroid, 
Group 3 was given both desoxycorticosterone and renin, while Group 4 comprised untreated 
controls. In the desoxycorticosterone groups, two 35-mg. pellets of desoxycorticosterone 
acetate were implanted subcutaneously ; 20 to 25 days later all these animals were hypertensive, 
with arterial pressures greater than 160 mm. Hg. On the 25th day, renin was injected sub- 
cutaneously (three doses of 0.25 cc. each daily for four days) in Groups 2 and 3. 

On the 30th day of the experiment, surviving animals from all groups were killed and 
autopsies made. The tissues to be examined were fixed in Zenker’s fluid and stained with 
hematoxylin-eosin-methylene blue, periodic acid-fuchsin, Masson's trichrome, and Weigert's 
fibrin stains. 


From the Research Division of the Cleveland Clinic Foundation, and the Frank E. Bunts 
Educational Institute. 

This investigation was supported by a grant from the National Heart Institute, National 
Institutes of Health. 

1. Masson, G. M. C.; Corcoran, A. C., and Page, I. H.: Experimental Production of a 
Syndrome Resembling Toxemia of Pregnancy, J. Lab. & Clin. Med. 38:213, 1951. 

2. Goldblatt, H.: Personal communication to the authors. 
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RESULTS 
In animals of Group 1 (desoxycorticosterone administered) hypertension and 

polyuria developed and typical changes were demonstrated at autopsy.’ The kidney 

was enlarged, and its surface was pale, irregular, and spotted with occasional “flea- 

bite” hemorrhages. Some of the animals had enlargement and thickening of the 
pancreaticoduodenal artery and small nodules along the mesenteric arteries. The 

heart was enlarged, and its surface showed some streaks of pallor. Microscopically, 

the kidney showed tubular dilatation with frequent granular or hyaline casts. The 

glomeruli were enlarged; the endothelial cells were proliferative and swollen, with 

resultant partial or complete obliteration of some capillaries ; synechiae were found 

between the tuft and the capsular membrane (Fig. 2)). Capsular cells were also 

és somewhat proliferative. At this stage of desoxycorticosterone-hypertensive disease 
. the evidences of hyaline or fibrinoid change were minimal. Hitherto undescribed 
is the fact that the first evidence of arteriolar disease is polysaccharide-containing 

material which gives a positive reaction with periodic acid-fuchsin stain (Fig. 3a). 
Hemorrhages were infrequent, and such as occurred were focal and intratubular. 

Animals of Group 2 sustained no ill effect from renin alone. Arterial pressure 

increased slightly after each injection ; the period of injection was accompanied with 

polyuria. No gross changes were found at autopsy. On microscopic examination 

the renal tubules (distal system?) were found to contain granular material which 

stained blue with hematoxylin-eosin-methylene blue and red with the trichrome 


stain. This deposit is probably associated with the proteinuria known to result from 
renin administration.* 

Animals of Group 3 (early desoxycorticosterone-hypertensive disease) showed 
three grades of response to renin. The first category included those which died 
during renin treatment; they had manifested oliguria, hematuria and hemoglobin- 
uria, anasarea, and convulsions. At autopsy the pleural and peritoneal cavities 
- contained fluid. The subcutaneous tissues were edematous and swollen to a thick- 
ness of about 1 em. Ditfuse hemorrhages were found in kidney, heart, intestines, 
bladder, adrenals, and brain ( Fig. 1b and 3c). They sometimes extended through 
most of the kidney or the myocardium (Fig. 1d). Edema of viscera was best demon- 
strated in pancreas, mesoappendix, and stomach (Fig. lc). Cerebral edema and 


occasional hemorrhages seemed adequately to account for the central nervous system 
symptoms (tics, convulsions, paralysis) observed in some of these animals. 


The second grade of response occurred in animals which showed some or all of 
the symptoms noted above after the injections began but which survived to the end 
of the period of renin injection. During this time the edema tended to subside and 


the urine flow to increase. Macroscopic lesions resembled those noted above but 
were less severe 


3. Selye, 


H.; Hall, C. E., and Row'ey, E. M.: Malignant Hypertension Produced by 
Treatment with Desoxycorticosterone Ace‘ate and Sodium Chloride, Canad. M. A. J. 49:88, 
1943. Masson, G. M. C.; Hazard, J. B.; Corcoran, A. C., and Page, I. H.: Experimental 
Vascular Disease Due to Desoxycorticosterone and Anterior Pituitary Factors: Comparison 
of Pathologic Changes, Arch. Path. 49:641 (June) 1950 

4. Addis, T.; Barrett, F.; Boyd, R. I, and Ureen, H. J.: Renin Proteinuria in the Rat: 


I. The Relation Between the Proteinuria and the Pressor Effect Renin, J. Exper. Med. 89:131. 
1949 
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Fig. 1.—These tissues are from desoxycorticosterone-treated rats given renin. (a) Kidney: 
The major changes are intense catarrhal desquamation and cellular proliferation in tubules; 
pigment casts are present in a tubule (lower right) and protein casts (lower left). Glomeruli 
are enlarged. (/) Intrarenal hemorrhage and degeneration in a glomerulus. (c) Ulceration 
and edema of the stomach. (d) Diffuse myocardial hemorrhage. 
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The third grade of response consisted only in an increase of urine flow. The 
only gross lesions found were those attributable to the desoxycorticosterone disease. 


Renal lesions of the animals of this group with severe responses are of such 
interest as to require more detailed description. It should be recalled that these 
lesions were superimposed on the cast formation, tubular dilatation, and glomerular 
proliferation caused by desoxycorticosterone alone in Group 1. 

Under low magnification, tubules here and there were found to be disrupted by 
cortical interstitial and intratubular hemorrhages, which sometimes advanced to 
the point of causing focal cortical necrosis. The cortical tubules often contained 
pigment as well as hyaline and granular casts; medullary tubules contained few 
casts. The interstitium was somewhat more edematous than in Group 1; it did not 
contain inflammatory foci. Glomerular tufts were very often homogenized in appear- 
ance; some of the capillaries were distorted and stained red with trichrome, and 
blue with periodic acid-fuchsin. 

The glomerular lesions were better visualized under high magnification. They 
consisted in (a) thrombosis, which sometimes spread back into afferent arterioles, 
causing infarction (Fig. 3b), and (b) thickening of the basement membrane by an 
intercapillary deposit which caused the capillaries to coalesce (Fig. 2c and d). The 
intracapillary thrombi as well as the intercapillary deposits were usually homo- 
geneous, although in some areas a fibrillar structure could be defined. The intra- 
capillary deposit was seen as a coating over the endothelium which caused partial 
or, eventually, complete obliteration of the lumen. The material took fibrin stains 
(red with fuchsin, dark black with phosphotungstic acid-hematoxylin, violet with 
Weigert). It was more homogeneous than fibrillar in structure ; this, with the lack 
of cellular inclusions, distinguishes it from a fibrin clot. Similar thrombi were also 
noticed in the cerebral blood vessels ( Fig. 3d). 

Cells of cortical tubules contained pigment inclusions and colloid droplets, indi- 
cating extensive tubular athrocytosis. Cells found in some of the casts could be 
attributed to catarrhal desquamation (Fig. la). 

In brief, the lesions superimposed on those of desoxycorticosterone-hypertensive 
disease by administration of renin consisted of focal hemorrhages, thrombosis, and 
degenerative changes in glomeruli, mild tubular damage, and formation of pigment 
and nonpigmented casts. 

Because of the unusual character of the lesions and the resemblance of the syn- 
drome to that of eclampsia, sections of the kidneys were submitted to Drs. Alan R. 
Moritz, Harrison Latta, and J. L. Orbison, of the department of pathology of 
Western Reserve University School of Medicine, for their appraisal. Dr. Moritz 
stated, 


EXPLANATION OF FicurEe 2 


Glomeruli; 400. (a) Normal glomerulus; periodic acid-fuchsin stain. (b) Glomerulus of 
a desoxycorticosterone-treated rat not given renin. It is enlarged by proliferation and by 
enlargement of endothelial cells; synechiae are being formed; lumina of capillaries are partially 
or wholly obliterated; no fibrinoid degeneration can be seen; periodic acid-fuchsin stain. (c) 
Glomerulus of a desoxycorticosterone-treated rat given renin, showing early degenerative 
changes; the general loss of structural detail is due to fibrillar and homogeneous deposits both 
inside and outside the capillaries; periodic acid-fuchsin stain. (d) Glomerulus of a desoxycorti- 
costerone-treated rat given renin. The degenerative changes are severe; all tufts are filled with 
the fibrin-like deposits, and cells are not distinguishable ; phosphotungstic acid-hematoxylin. 
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Fig. 3.—(a) Foeal homogenization of the wall of a renal arteriole caused by deposition of a 
substance which reacts with periodic acid in a desoxycorticosterone-treated rat. (b) A “colloid- 
looking” thrombus in the afferent arteriole, extending into the glomerulus, in a desoxycorti- 
costerone-treated rat given renin; there are degenerative and necrotic changes in the glomerulus. 
(c) and (d) tissues from the brain of a rat treated with desoxycorticosterone and renin, showing 
small hemorrhages (c¢) and an arteriole occluded by a “colloid-looking” thrombus (d), with 
degenerative changes in the wall of the vessel and, around it, a homogeneous accumulation which 
may represent leakage of plasma; trichrome stain 
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I am unable to recognize whether the occlusive glomerular changes seen in the desoxy- 
corticosterone + renin kidney are due to the deposit of a protein coagulum within the basement 
membrane of the capillaries or to degenerative changes and swelling of the basement membrane. 
I do not believe that the occlusive material is fibrin. It is of interest that the ground substance 
of the capsular membrane of the glomeruli is similarly affected. . . . To me the changes 
bear some resemblance to those of lupus or scleroderma in the human kidney. 


In Dr. Latta’s view, “. . . in relationship to human disease, this kidney suggests 
malignant nephrosclerosis more than any other disease . . . The glomeruli (also) 
suggest disseminated lupus erythematosus (although it is rarely as evenly dis- 
tributed . . .) or amyloid.” Dr. Orbison’s comment was that the lesions, although 
more severe in degree, were similar in kind to those seen in malignant hypertension 
in human beings. 

COMMENT 


Renin causes no significant lesion in normal uninephrectomized rats; in rats 
made hypertensive by treatment with 1% sodium chloride solution and desoxy- 
corticosterone it often elicits a catastrophic syndrome of vascular damage. This 
again raises the question of the participation of renin in the genesis of vascular 
lesions as distinguished from its acknowledged enzymatic action in the formation 
of angiotonin. This topic seems to have been neglected for some years. 

The problem was first defined by Winternitz, Mylon, Waters, and Katzenstein,* 
who found that destruction of renal function in dogs by bilateral ligation of the 
renal arteries or of the ureters resulted in shorter survival than did _ bilateral 
nephrectomy; dogs submitted to these ligations showed generalized edema and 
hemorrhages and necrosis of muscle tissues, notably in the heart and other viscera. 
Kidney extracts containing renin were found innocuous in normal animals but 
caused changes similar to those following renal ligation when injected into nephrec- 
tomized dogs. The hemorrhagic and necrotizing properties of their renal extracts 
were not precisely characterized, although it was believed that they could be differ- 
entiated from renin. Somewhat later, Leiter and Eichelberger ° found that injection 
of renin-containing renal extracts caused lethal myocardial and gastrointestinal 
necrosis and hemorrhages in dogs whose renal function had been severely depressed 
by constriction of the renal arteries or ureters. The kidneys of these animals were 
either atrophic or, because of the renal arterial clamps, perfused at less than systemic 
arterial pressure, which may account for the absence of additive lesions in these 
organs. They believed that renin as such was the toxic agent in their renal extracts. 
Both groups emphasized the similarity between the lesions they obtained and those 
seen in the acute (malignant) phase of experimental renal hypertension and in 
malignant nephrosclerosis in human beings. 

The hemorrhagic state induced in desoxycorticosterone-hypertensive rats by 
administration of renin-containing extracts seems to confirm the “toxic” properties 


5. Winternitz, M. C.; Mylon, E.; Waters, L. L., and Katzenstein, R.: Studies on the 
Relation of the Kidney to Cardiovascular Disease, Yale J]. Biol. & Med. 12:623, 1940. 

6. Leiter, L., and Eichelberger, L.: Pressor Kidney Extracts (“Renin”) and the Pro- 
duction of Cardiac and Gastro-Intestinal Hemorrhages and Necroses in Dogs with Abnormal 
Renal Circulation, J. Mt. Sinai Hosp. 8:744, 1942; Studies on Renin: The Duration of the 
Pressor Effect of Large Doses in Conscious Normal and Renally Abnormal Dogs; Observa- 
tions on Anesthetized and Uremic Dogs, and the Anaphylactic and Pathological Effects of 
Pig Renin, J. Clin. Invest. 23:11, 1943. 
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formerly attributed to these preparations in experiments on dogs. However, severe 
or complete renal excretory insufficiency was a prerequisite to the establishment of 
lesions in this species, and the lesions were not renal. In contrast, desoxycorticos- 
terone-hypertensive rats (Group 1) were not azotemic (mean blood urea nitrogen, 
21 mg. per 100 ml.) and were polyuric rather than oliguric, and the renal extracts 
elicited severe renal lesions in such animals. The lesions do not develop when 
renin is given during the first days of treatment with desoxycorticosterone and 
sodium chloride. Thus, whereas in the dog the sensitizing factor is somehow con- 
nected with renal excretory insufficiency, in the rat it is temporally associated with 
those changes which, after sufficiently prolonged administration of desox ycorticos- 
terone and sodium chloride, result in hypertension and hypertensive vascular 
disease. Thus, in both species the exact mechanism of sensitization to the vasculo- 
toxic properties of renin-containing renal extracts remains obscure. It is also 
acknowledged that the vasculotoxic factor in the renin-containing renal extracts 
may be a substance other than the enzyme renin, although it is hoped that studies 
with purified renin’ may resolve this point. For the present, both the mechanism 
of sensitization and the precipitating cause of the lesions cannot be definitely 
characterized 

That the symptoms occurring in the renin-treated animals were similar to those 
of eclampsia was noted in this and in our former report.'| The data now at hand 
indicate that the resemblance may be superficial, and the analogy one which should 
be used with reserve. The most characteristic lesions of toxemic pregnancy are 
(a) in the kidney, enlargement of the glomeruli and of endothelial cells, ischemia 
of the capillaries, thickening and reduplication of the basement membrane, and fre- 
quent nonpigmented casts; (/) in the liver, periportal necrosis, and (¢) in the brain, 
capillary hemorrhages and “colloid-looking” thrombi of small vessels.* 

The lesions we describe do not include hepatic necrosis. The points of resem- 
blance are enlargement of the glomeruli and of endothelial cells, the colloid-lke 
accumulations around and in the glomerular capillaries, and the “colloid-looking” 
thrombi and hemorrhages in the brain. Renal lesions of the crush syndrome have 
heen described in toxemic pregnant women who had suffered abruptio placentae." 
The presence of pigment casts and some tubular damage in the renin-desoxycorticos- 
terone-treated rats bears some resemblance to this combined lesion, although tubular 
necrosis and interstitial inflammation were not observed. Thus, the analogy to 
eclamptogeni¢c toxemia is tenuous, and the lesion is not fully characteristic of any 
human disease. Perhaps its closest analogue is malignant nephrosclerosis. 

The lack of correspondence between these lesions in rats and the lesions char- 


acteristic of a human disease may arise in the difference of species; thus, sodium 


7. Haas, F.; Lamprom, H., and Goldblatt, H Purification of Renin and Production of 
Antirenin in Man, Federation Proc. 10:193, 1951 


8. Bell, FE. 1 Renal Diseases, Ed. 5, Philadelphia, Lea & Febiger, 1946. Sheehan, H. L.: 
Pathological Lesions in the Hypertensive Toxemias of Pregnancy, in Hammond, John, and 
others: Toxaemias of Pregnancy, Human and Veterinary, A Ciba Foundation Symposium, 
Philadelphia, The Blakiston Company, 1950 

9 Young, | Renal Function After Uteroplacental Damage, Brit. M. J. 2:715, 1942. 
Paxson, N. F.; Golub, L. J.. and Hunter, R. M.: The Crush Syndrome in Obstetrics and 
Gynecology, |. A. M. A. 181:500 (June 8) 1946. 
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retention, hypertension, and renal damage '* are associated in such human diseases 
as eclampsia, in which, also, increased outputs of sodium-retaining corticoids have 
been observed.'' Consequently, the lesions resulting from the concurrence of 
desoxycorticosterone-hypertensive disease and administration of renin-containing 
renal extracts in all probability do have human equivalents. 


SUM MARY 


Renin-containing renal extracts administered to rats with established desoxy- 
corticosterone-hypertensive disease elicit an eclampsia-like syndrome associated with 
vascular lesions which include widespread visceral hemorrhages, arteriolar occlu- 
sion, severe renal glomerular degeneration, and tubular change. 

The glomerular lesion is characterized by intracapillary and extracapillary 
accumulation of a fibrin-like substance which causes occlusion of these capillaries and 
of arterioles in other parts of the body. 

The lesions are not fully characteristic of either eclampsia or malignant nephro- 
sclerosis in human beings; the fact that they are elicited by means which involve 
sodium retention, hypertension, and release into the blood of proteins of renal 
origin suggests that they bear directly on problems of human vascular pathology. 

The renal changes described in this report were appraised by Drs. Alan Moritz, Harrison 
Latta, and J. L. Orbison, Department of Patholegy, Western Reserve University Medical 
School. The desoxycorticosterone acetate used was donated by Dr. Edward Henderson, 
Schering Corporation. Valuable technical assistance was given by Miss I. Dornon and Miss 
E. Haskill. 


10. Dexter, L., and Weiss, S.: Pre-Eclamptic and Eclamptic Toxemia of Pregnancy, 
Boston, Little, Brown & Company, 1941. Dieckmann, W. J.: The Toxemias of Pregnancy, 
St. Louis, C. V. Mosby Company, 1941. 

11. Chart, J. J.; Shipley, E. G., and Gordon, F. S.: Evidence for a Sodium-Retaining 
Factor in Toxemia of Pregnancy, Proc. Soc. Exper. Biol. & Med. 78:244, 1951. 
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INTRINSIC HEMANGIOMAS OF THE PERIPHERAL NERVES 
A Report of Two Cases and a Review of the Literature 


ERNEST J. LOSLI, M.D. 
PORTLAND, ORE. 


INCE Sato' reported his two cases of intrinsic hemangiomas of the peripheral 

nerves, only three additional cases have been published which may be classified 
as authentic. Although very few cases of this benign tumor have been reported, 
their consideration is timely in order to stimulate the reporting of similar cases and 
to consider the possibility that such cases may have to be taken into account in 
differential diagnoses of peripheral nerve lesions. In this country only a brief refer- 
ence has been made to a case."* 

Authoritative and well known papers on the subject of peripheral nerve tumors 
or tumors of the vascular system do not mention the subject under consideration.‘ 


Dr. Losli is Chief of the Laboratory Services, U. S. Veterans Hospital. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the result of 
his own study and do not reflect the opinion or the policy of the Veterans Administration. 

1. Sato, S.: Uber das cavernése Angiom des peripherischen Nervensystem, Arch. klin. 
Chir. 100:553, 1913. 

2. (a2) Sommer, R Uber cavernése Angiome am peripheren Nervensystem, Deutsche 
Ztschr. Chir. 173:65, 1922. (b) Shutze, W.: Uber einen Fall vom Hemangiom im Verlauf 
des Nerv. tibialis post. Supertic., Inaug. diss., Univ. Greifswald, Dec. 9, 1925. The author is 
indebted to Dr. Hermann Scholze, of Worms, Germany, for the forwarding of a transcript of 
the orminal article on this case. (c) Buttner, A.: Die Hamangiome peripheren Nerven, 
Beitr. klin. Chir. 273:129, 1942 

3. Stout, Arthur Purdy: (a) Tumors of the Peripheral Nervous System, in Atlas of 
Tumor Pathology, Armed Forces Institute of Pathology, Washington, D. C., 1949, Fascicle 6, 
p. 30; (h) Tumors of the Peripheral Nerves, Am. J. Cancer 25:1, 1935; (¢) Personal com- 
munication to the author 

4. (a) Love, J. G., and Kernohan, J. W.: Tumors of the Blood and Lymph Vessels in 
Allen, FE. V.; Barker, N. W., and Hines, E. A.: Peripheral Vascular Diseases, Philadelphia, 
W. B. Saunders Company, 1947. (b) Bell, FE. T.: A Textbook of Pathology, ed. 4, Philadelphia, 
Lea & Febiger, 1944. (¢) Ewing, J.: Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders 
Company, 1940. (d) Foot, N. C.: Histology of the Tumors of the Peripheral Nerves, Arch. 
Path. 30:772 (Sept.) 1940. Pathology of Tumors of Peripheral Nerves, in Andrus, W. D., 
and others: Advances in Surgery [1949-1950], wol. 2, New York, Interscience Publishers, Inc., 
1949, p. 385. Ce) Geschickter, C. F.. and Keasbey, L. E.: Tumors of Blood Vessels, Am. J. 
Cancer 23:568, 1935; Tumors of Peripheral Nerves, ibid. 25:377, 1935. (f) Livingston, L. E., 
and Hastings, N.: Tumors of Peripheral Nerve, S. Clin. North America 27:554, 1947. (g) 
McCallum, W. B Textbook of Pathology, ed. 7, Philadelphia, W. B. Saunders Company, 
1942. (h) Moore, R. A Textbook of Pathology, Philadelphia, W. B. Saunders Company, 


1944, p. 194. (4) Watson, W. L., and MeCarthy, W. D.: Blood and Lymph Vessel Tumors, 
Surg., Gynec, & Obst. 72:509, 1940. (7) Willis, R. A.: Pathology of Tumours, St. Louis, 
C. V. Mosby Company (London, Butterworth & Co., Ltd.), 1948. (k) Gagel, O., in Bumke, 
©., and Foerster, O Handbuch der Neurologie, Berlin, Julius Springer, 1935; quoted by 
Busch, E., and Christensen, E.: Acta psychiat. et neurol., Supp. 46, p. 72, 1947. Stout.5> 
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A number of cases have been reported in which hemangiomas involved peripheral 
nerves but were not primarily intrinsic.® Bittner * classified hemangiomas in rela- 
tion to the peripheral nerves as follows: (a) those that are circumscribed and in 
the inner portion of the nerve; (>) those that encircle the nerve, and (¢) heman- 
giomas that arise from a distance and invade the nerve sheath from without. 


REPORT OF TWO CASES 


Case 1—E. A. S., a 49-year-old white pharmacist-farmer was admitted to the hospital 
on Jan. 5, 1948, because of acute right catarrhal conjunctivitis. He was found to have a 
congenital right keratoconus and a congenital corneal opacity, as well as a firm, rounded 
mass beneath the skin just above the left median epicondyle of the humerus. This mass had 
been present to the patient's knowledge for five or six years, with a gradual increase in size. 
Only for the past year had he noticed tingling of the left fourth and fifth fingers when the 
mass was palpated. There was no local tenderness. It was free from the overlying skin 
but was fixed to the deep tissues. The muscles enervated by the ulnar nerve were wasted. 
Only a weak flexion of the fourth finger was still present. In 1945, about three years after 


Fig. 1.—Gross specimen showing the tumor, proximal and distal portions of the ulnar 
nerve, and a portion of the triceps brachii. Note the varicose vein and the gradual swelling 
of the nerve as it approaches the tumor. 


he first noted the swelling in the region of the left elbow, he had fractured the “left hand” 
and ankle. The family history was irrelevant. The only significant laboratory finding was 
a total leucocyte count of 12,300 per cubic millimeter. Roentgenographic studies revealed the 
soft-tissue tumor mass without any involvement of ‘the humerus. 

Since there was the possibility that the tumor was malignant, the left ulnar nerve was fully 
exposed from the axilla to below the elbow. A hard, grayish white, spindle-shaped mass 
involving the ulnar nerve was noted just proximal to the left median epicondyle. The ulnar 
nerve, for a distance of 62 cm., gradually enlarged to 1.5 cm. in diameter as it approached 
the tumor and appeared to continue into the proximal pole of the growth and to become a 
part of it. At the distal pole the ulnar nerve suddenly reappeared, but here it was only 
slightly enlarged for a distance of 3.0 cm. The well-encapsulated mass could be separated 


5. (a) Purcell, F. H., and Gurdjian, E. S.: Hemangioma of the Peripheral Nerves, Am. 
J. Surg. 30:541, 1935. (b) Stewart, S. F., and Bettin, M. E.: The Motor Significance of 
Hemangioma with Report of Case of Plexiform Telangiectasis of the Sciatic Nerve and Its 
Branches, Surg., Gynec. & Obst. 39:307, 1924. (c) Trogu, G.: Policlinico 27:1046, 1920. 
(d) Bittner.2¢ 
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from the underlying triceps brachii; however, the tumor, along with the entire segment ot 


the ulnar nerve and the adjacent portion of the muscle, was excised en bloc (Fig. 1). The 
gross dissection verified the surgical finding that the mass could be readily peeled away from 
the surrounding musculature The main tumor mass measured 4.3 by 33 cm. Small palpable 
yellowish nodules were noted along the proximal thickened and edematous portion of the 
nerve (Fig. 34 Only a few very fine capillaries and one tortuous engorged vein were 
visible in or about the main mass. Loose edematous connective tissue joined the mass to the 
surrounding muscle; however, the latter was healthy and free of engorged vessels or heman- 
giomas Sectioning of the mass revealed a great variety of cavernous blood-filled spaces, 
which were separated by thick grayish septa. The firm fibrous capsule of the mass varied 
from 3 to 5 mm. in thickness. Several light-yellowish areas were noted in the capsule and 
subcapsular tissues. Much of the central mass was grayish yellow with the consistency of 


-- 
-- 
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Fig. 2--Longitudinal section through the hemangioma and the ulnar nerve. Note the 


cavernous spaces and the cross section of the proximal portion of the nerve at the right. 


2). No calcific material was 


a loose connective tissue and a mucinous-like substance (Fig. 


encountered by the 


Microscopically, a pattern of cavernous hemangioma was observed. The spaces were for 
the most part lined by endothelium, and the septa were comprised mainly of noncellular, 
fibrinlike material. Some of the spaces contained small, recently formed thrombi. Silver 
stains verified the presence of nerve fibers over the surface of the capsule, but none were 
to be found within the mass. Within the septa there were areas of hemosiderin-laden mac- 
rophages and a rare small collection of lymphocytes. The cellular elements generally were 
few and showed no neoplastic activity. Sections of the nodular areas noted grossly in the 
enlarged proximal end of the ulnar nerve revealed a definite alteration of most of the fas- 
cicles (Fig. 3.44) The perineural sheaths with their septa were in part thickened by an 
edema-like process, by a proliferation of the fibroblastic elements, or by a homogeneous 
acidophilic hyalin-like material The nodules were found to be comprised of granular poly- 
hedral foam-like cells which diffusely infiltrated all portions of the fascicle and in which the 


nuclei were centrally located (Fig. 38). These cells gave a strong reaction to fat stains, 
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Fig. 3—A, moderate magnification of a cross section of the ulnar nerve at the level of a 
nodule. Note the marked variations of the perineural sheaths and septa and especially the 
lipoid-like infiltrations of the fasciculus at the upper left. Also note the collagen-like sub- 
stance in the perineural spaces of the lower fasciculi. 

B, photomicrograph of the area marked in 4A. Note the lipophages with centrally located 
nuclei. 
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whereas no such reaction was noted in the other fascicles. As may be seen, in Figure 34, 
the perincural spaces, as well as the perineurium and the septa, were heavily infiltrated with 
these macrophages. In all the fascicles the nerve fibers showed varying degrees of swelling 
and atrophy regardless of the type of material present in excess within the fascicles. There 
was, however, no evidence in the sections of the so-called “onion skin” formation described 
under the disease of Deéjerine and Sottas.* 

One small focus in another fascicle showed a definite proliferation of glial cells without 
vacuolation of cytoplasm. The artery was centrally placed and thick-walled, with some eccen- 
trie intemal proliferation. No remarkable changes other than edema were noted in the ulnar 
nerve distal to the tumor mass 

Case 27--F. C, a Romanian Jewish woman, aged 37 years, married, came to the Presby- 
terian Hospital in New York in Aug., 1934, complaining of a slight swelling in the lower 
left side of the neck. She had no other symptoms except gradually increasing lassitude and, 
for 10 years, frontal headaches associated with pain in the eyes, especially when reading. 
Examination showed a 3-cm. mass deeply situated in the left supraclavicular fossa; it was 
painless and gave an impression of lobulation. The patient was operated on, Aug. 28, by 
Dr. John M. Hanford. The mass was found to be ill-defined, 2 by 3 cm. in dimensions, soft, 
vascular, and situated within the fifth cervical nerve, which entered one pole and came out 
the other. The tumor was thought to be a neurilemmoma and benign. Only a biopsy specimen 
was taken. The case was followed for seven years and eight months, during which time the 
tumor remained unchanged and symptomless. There was no record of any other vascular 
tumors. The tumor was comprised of many vascular spaces, many of which were dilated. 
A tew had smooth muscle in their walls. It has been classified as a cavernous hemangioma 
of the fifth cervical nerve. 


COMMENT 


With the two cases of benign intrinsic hemangiomas of peripheral nerves herein 
reported the total is now increased to seven. Since this is an unusually small num- 
her for any disorder, it is probable that there are numerous others which have been 
unreported. Additional cases of hemangiomas of peripheral nerves reported by 
Buttner.”” Purcell and Gurdjian,“ Stewart and Bettin,*” and Trogu™ are not 
included in this consideration, since the tumors were not intrinsic and can be classi- 
fied under the second or third category of Buttner’s classification. Recently Conway 
and Smith described an interesting case of a metastasizing hemangioendothelioma 


originating in a peripheral nerve. Reimann” showed a photograph of a neuroma 
which grossly resembles the specimen reproduced here (Case 1). Sato' referred to 
sarcomas, myomas, and lipomas of the peripheral nerves. Foot and Buttner * 
also referred to lipomas of these nerves. Willis “ stated only that peripheral nerves 
are rarely the site of angiomas. 

The accompanying table indicates that the ages of the patients whose cases 
have been reported ranged from 5 to 64 years and that both sexes were represented. 
In two cases *” the nerves of the neck were involved ; in three, '' the tibial nerve ; in 


one,’ the median nerve, and in one, the ulnar nerve (Case 1, present report). 


6. Wolf, A.; Rubinowitz, A. H., and Burchell, S. C.: Interstitial Hypertrophic Neuritis 
of Déjerine and Sottas, Bull. Neurol. Inst. New York 2:373 (Nov.) 1932. 

7. This case is published after personal communication and authorization of release by 
Drs. Arthur Purdy Stout and John M. Hanford. 

8 Conway, J. D., and Smith, M. B.: Hemangioendothelioma Originating in a Peripheral 
Nerve, Ann. Surg. 134:138, 1951. 

9. Reimann, S. P., in Kaufmann, E.: Pathology for Students and Practitioners, Phila- 
delphia, P. Blakiston’s Son & Company, 1929, Vol. 3, p. 2022. 

10. Sato.’ Stout.’ 

11. Sommer.** Shutze.*> Biuttner.2¢ 
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The duration of the lesions apparently varied from 3 months to 14 years. The , 
presence of the few lymphocytes found in the first of the cases reported here was 
considered a reactive infiltration and not a primary inflammatory process as believed 
by others. 


In Case 2* Stout found smooth muscle elements, but none were identified in 


my case. Of the various cases reported, Sato’s second case (Table) is almost 


identical with mine, even to the histologic structure. Since the formation of 


hemangiomas has been well discussed by others,’ it will only be mentioned that 


most authors agree that these growths are of an embryologic malformation and 
that, with growth, stagnation, trauma, and other stimulating factors, they will 
become enlarged. Ribbert '** made extensive studies to show that in true cases of 


hemangioma there is no circulatory connection between the hemangioma and the 


surrounding structures and that there is no collateral circulation. This situation was 
obvious in my case. Biittner * observed lipoid material in his case and called the 
In my case the lipoid material was limited to focal areas 


tumor a lipohemangioma. 


Intrinsic Hemangiomas of the Peripheral Nerves 


Author Comment 


Location Diagnosis 


Sato? 1912 M 2 Richt cervical Cavernous yr. history; tumor contained 
sympathetic bemangioma bone and ganglion celle; 
ganglion weight, 36.6 gm. 
Sato? 1912 M ao Left median Cavernous M4 yr. history, with pain for 
nerve, forearm hemangioma & mo.; weight, 150 gm. 
Sommer 2° 1922 F 5 Tibialis, post., Cavernous 3 mo. swelling; pain of few 
left heel hemangioma days; “cherry size” 
Shutze * 1925 M 4 Tibialis, post., Cavernous 1 yr. history; pain on pres- 
right leg hemangioma sure at night; “plum size” 
i Bittner * 1941 F 8 Tibial nerve., Lipocavernous 6 em. long and of “pencil” 
right heel hemangioma thickness; two recurrences; 


twice operated on; trradi- 
ated; cured 


of the proximal portion of the ulnar nerve and none was noted in the main tumor 
mass. Buttner did not describe the cellular structure of the lipoid material which 
he found. It is possible that he was dealing with lipophages such as were noted in 
my case. Minckler ‘* considered the possibility that the lipoid-containing cells of 
my case were related to the interstitial hypertrophic neuritis and stated that in his 
experience the findings are most unusual. In Sato’s first case, the presence of 
atypical bone and ganglion cells led him to believe, at first, that he was dealing 
with a teratoma, but further study convinced him that he was dealing primarily 
with a cavernous hemangioma. He considered the presence of bone in his case as 
the result of metaplasia. In Buttner’s case, one might question the authenticity of 
the diagnosis in view of the history of two recurrences and final eradication with 
radium. Unfortunately, there are no photographs or drawings ; however, his descrip- 


tion is that of a hemangioma, and in view of his classification he seems to have been 
well aware of the other possibilities. The hemangioma in the case of Purcell and 
Gurdjian * was completely eradicated surgically without removal of any of the nerve 
tissue ; thus it is obvious that the tumor was present among the nerve bundles and 


12. (a) Ribbert: Uber Bau, Wachstum und Genese der Angiome, nebst Bemerkung tiber 
Cystenbildung, Arch. path. Anat. 151:381, 1898. (b) Sato. (c) Biittner.2¢ (d) Allen and 
others.“ 

13. Minckler, J.: Personal communication to the author. 
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not within the nerve and may be classified in the second category. In all the true 
intrinsic hemangiomas of peripheral nerves, the nerve fibers were found spread over 


the surface of the mass, and none passed through the central area which was occu- 


pied by the blood tumor. In all these cases the growth was not resectable without 


taking a segment of nerve. In no instance was there any reference to proliferation 


of the neurolemmal nuclei 


SUMMARY 


lwo cases of intrinsic hemangioma of a peripheral nerve are reported, bringing 
the total recorded in the literature to seven 


An unusual lipoid-containing lesion of the nerve is described. 


\ plea is made that similar cases be reported and that the lesion be included in 


differential diagnoses and classifications of tumors of the peripheral nerves. 
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MASSIVE FAT EMBOLISM FOLLOWING MARROW INFARCTION 
IN SICKLE CELL ANEMIA 


JOHN P. WYATT, MD. 
AND 

M. DAVID ORRAHOOD, M.D. 

ST. LOUIS 


HE GENESIS of sickle cell disease has been attributed to the engorgement 
of blood vessels with abnormally shaped, sickled erythrocytes and to erythro- 
cytic agglutinative thrombi occurring under conditions of anoxia and stasis. In 
the following report the sudden death of a parturient woman is attributed to dis- 
seminated fat embolism secondary to sickle cell anemia and infarction of the 
marrow. As the pathological findings in this example offer an explanation for the 
known high incidence of maternal mortality ' from sickle cell anemia, and as only 
‘ two previous cases of sickle cell anemia and fat embolism associated with marrow 
necrosis have been previously documented,’ it was deemed worth while, utilizing 
this case, to develop the discussion of the problem inherent in this type of maternal 
mortality. 
REPORT OF A CASE 


E. S., a 27-year-old Negro woman, entered the hospital on June 22, 1950, with the complaint 
of severe pains in the arms, a shoulder, and the back. The patient was lethargic to the point of 
coma and irrational. Relatives stated that the symptoms had appeared suddenly three hours prior 

to admission. The patient had given birth to three children and was pregnant for the sixth time, 
with an estimated date of confinement of early July, 1950. 

Physical examination disclosed nothing except the enlarged uterus and points of extreme 2 
tenderness along the spine, the wrists, and the elbow joints. Her temperature was 99.2 F.; pulse 
rate, 80 per minute, and respirations, 22 per minute. There were no contractions, and the fetal 
heart tones were normal in the left lower quadrant of the abdomen. Vaginal examination 
revealed a long, soft, undilated cervix. The urinalysis gave negative results, and the serum test 
for syphilis (Kahn) was negative. The biochemical studies revealed that the serum chlorides 
amounted to 113 mEq./l., phosphorus to 1.53 mEq./l, and calcium to 4.81 mEq./l. The 
cerebrospinal fluid revealed 3 lymphocytes per cubic millimeter, with smear and culture for 
organisms negative. The Wassermann and colloidal gold reactions were also negative. 
Roentgenological examination of the chest revealed clear lung fields. 


Past History.—A similar “attack” with a previous pregnancy terminated in a miscarriage in 
1946. Prior to this latest admission the patient had had minimal edema of the face and of the 
legs for two months. Childhood diseases consisted of measles, mumps, and questionable rheumatic 
fever. There was the following record of pregnancies: 1940, full term; 1944, miscarriage at 
three months; 1945, full term; 1946, miscarriage; 1947, full term. 


From the Department of Pathology, St. Louis University Medical School. 

1. Rigdon, R. H.: Sudden Death During Pregnancy in Sickle Cell Disease: Review of the 
Literature with a Report of a Case, South. M. J. 42:1032-1037, 1949. 

2. Vance, B. M., and Fisher, R. C.: Sickle Cell Disease: Two Cases, One Presenting Fat 
Embolism as a Fatai Complication, Arch. Path. 32:378-386 (Sept.) 1941. Wade, L. J., and 
Stevenson, L. D.: Necrosis of the Bone Marrow with Fat Embolisms in Sickle Cell Anemia, 
Am. J. Path. 17:47-54, 1941. 
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Course m Hospital —The patient remained lethargic but complained bitterly of multiple joint 
pains despite high doses of salicylates and codeine. On empirical grounds penicillin therapy was 
begun. Dyspnea and slight icterus were noted. The icteric index was 16 units, the result of the 
direct van den Bergh test was 0.1 mg. and that of the indirect test 2.3 mg. On May 25, 1950, 
at 11:30 a. m., the membranes ruptured spontaneously, and the patient delivered precipitously 
in bed at 3 p. m. with moderate hemorrhage. Dyspnea increased, and the patient remained 
irrational, although apparently complaining of increasing joint pains. The right knee, ankle, and 
wrist were extremely tender, although there was no swelling or redness. The patient was 
treated with quinidine, digitalis, and phenylephrine, but respirations became more labored, and the 
patient died, four days after admission 

Autopsy.—Autopsy was performed eight hours after death. 

The right lung weighed 550 gm. and the left 450 gm. Their pleural surfaces were smooth and 
glistening, grayish blue, and dotted throughout with petechial hemorrhages. Transection of the 
lungs revealed red, congested surfaces, which exuded a frothy pink fluid on pressure and were 
marked throughout with small areas of hemorrhage. 

The liver weighed 2,200 gm., and the surfaces and serial sections were dark red with a 
slight brown tinge 

The spleen weighed 1,220 gm. and extended approximately 4 cm. below the costal margin. 
On serial section the organ was dark purple and jelly-like in consistency, with obscuration of the 
splenic structure. The capsule was extremely tense and glistening. 

The right kidney weighed 200 gm. and the left 185 gm. The surfaces were dark red, con- 
gested. The corticomedullary markings were normal. The capsule stripped with ease. No 
thrombi were noted within the renal vessels. 

Other organs, such as the heart, the adrenals, the thyroid, and the intestine, were of normal 
weight and appearance. The uterus was of a size consistent with a postpartum state. The lining 
of the uterus was dark red and ragged. Apart from a large corpus luteum in an ovary, the 
ovaries and fallopian tubes were free of lesions. No gross congenital anomalies were noted. 

The surface of the brain was covered with numerous dilated, congested veins. The sulci and 
gyri of the cerebral hemispheres were normal. Repeated transections showed numerous pinpoint 
hemorrhages. These hemorrhages were located, for the most part, in the subcortical white 
matter throughout the cerebral hemispheres. The cerebellum and the pons were grossly normal. 

Microscopic Observations —Specimens of the tissues were fixed in 10% formaldehyde and 
stained with hematoxylin and eosin and Sudan IV. 

The vertebral marrow presented normal trabeculae with moderate hyperplasia of the marrow. 
The nucleated erythrocytes were prominent; the myeloid-erythroid ratio was 2 to 1. In many 
areas there was considerable pooling of blood with intravascular agglutinates of sickled red cells 
and disruptive hemorrhages within the marrow. The hematopoietic elements in and about these 
areas were indistinguishable and presented advanced cytological alterations in the form of 
pyknotic nuclei and eosinophilic cytoplasm (8 in figure). An additional change was the dis- 
ruption and scattering of marrow elements with a disturbance of their normal relationship, one 
with the other, and of the fat depots. In some of /these areas, irregular spaces containing 
eosinophilic fibrillar material and collapsed fat cells were found, indicating disruption of depot 
fat (A in figure). Sections of the sternal marrow showed similar changes. 


EXPLANATION OF FIGURE 


A, bone marrow showing irregular fat spaces separated by eosinophilic fibrillar material. 
Cellular necrosis of hematopoietic elements is present. Hematoxylin and eosin; x 360 

B, bone marrow in which the fat-marrow pattern has been completely destroyed by a hemor- 
rhagic extravasation with sickle cells. Cellular necrosis of hematopoietic elements may be noted. 
Hematoxylin and eosin; x 360. 

C, lung showing incarcerated intravascular fat globules (arrow), a decidual cell embolus, 
and a sickle cell agglutinative thrombus present in a single field. Hematoxylin and eosin; «x 320. 

D, pulmonary arteriole containing an acicular acidophilic thrombus, which is adherent to the 
vessel wall. Hematoxylin and eosin; « 300. 

E, glomerular tuft in which capillaries are distended with vacuolated spaces. On staining 
with Sudan IV, these globules were sudanophilic. Hematoxylin and eosin; « 480. 
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In the lung the most obvious finding was the extensive engorgement of all vessels with sickle 


cell agglutinates, coupled with extensive areas of localized hemorrhage involving alveolar spaces 
Many small arterioles contained acicular acidophilic thrombi, adherent to the vessel walls 


(D in figure). Fat stains revealed intravascular fat globules in considerable quantities in many 


regions, filling the capillaries and vividly outlining the alveoli. In several capillaries there were 


decidual cell emboli (C im figure) \ minimal amount of imtra-alveolar fat was observed. 


The spleen showed small Malpighian bodies surrounded by pools of red blood cells. The 


structure of the spleen was almost totally obscured by intense sickle cell engorgement of the 


red pulp and the sinusoidal pattern was indistinct. An occasional central artery and many 
capillaries were engorged with sickle cell agglutinates. The capsule was moderately thickened. 
No siderotic nodules or old infarcts were found 


The sinusoids of the liver were widened and their endothelial cells were lifted from the 


hepatic cords. The sinusoids contained océasional agglutinates of sickle cells, an acidophilic 


coagulum, mononuclear cells, and numerous intravascular leucocytes. The central vein areas in 
some regions presented slight atrophy of the cords. The reticuloendothelial system was charged 


‘, with yellow-brown pigment 
| The renal glomeruli were engorged with agglutinates of sickle cells, which produced a prom- 


inent engorgement of capillary tufts. Many of these tufts contained vacuolated spaces which 
stained for fat with Sudan IV (é in figure). No accompaniment of inflammatory reaction was 
observed. The convoluted portion of the tubules contained an acidophilic coagulum. 

In the brain the prearterioles and capillaries generally and other vessels occasionally showed 
intense engorgement with agglutinates of sickle cells or prominent vacuolated spaces. Fat stains 
disclosed these vacuolated spaces to be spherical and ovoid globules or fat. No ring hemorrhages 
or perivascular areas of demyelination were noted around these embolic fat globules. 

The ovaries presented a few follicular cysts, a corpus luteum, and several corpora albicantia 
as well as engorgement of vessels with sickle cell agglutinates 


Other tissues. such as the myocardium, the gastrointestinal tract, and the uterus, showed 


advanced engorgement of vessels with sickle cells. The uterus showed hypertrophy of the 
myometrium consistent with pregnancy 


Final Anatomic Diagnosis.—Sickle cell anemia (3,000,000 red blood cells per cubic milli- 


meter): erythrocytic agglutinative thrombi in the bone marrow and the lung; early, extensive 


infarction of the vertebral and sternal marrow; disseminated fat emboli im lung, kidney, and 


brain; hepatomegaly associated with “serous hepatitis” and sickle cell agglutinates; recent com- 


plete infarction of the spleen; parturient uterus and decidual cell embolism of the lung. 


COMMENT 

Because of sterility, possibly due to anemia, the association of pregnancy and 
sickle cell anemia is uncommon, although such an occurrence is probably more 
frequent than reports in the literature would indicate. Another feature of sufficient 


importance to be recalled is that in 24 reported cases of pregnancy associated with 


sickle cell anemia the maternal mortality has been over 30%. Seven deaths with 


autopsy studies on sickle cell anemia complicated by pregnancy have been 


documented.’ The cause of death was not ascertained in two cases.‘ Multiple pul- 


monary emboli and lung infarets were found in two instances.® Shock,*” right- 


3. (a) Kobak, A. J.; Stein, P. J. and Daro, A. F.: Sickle Cell Anemia in Pregnancy: 
Review of the Literature and Report of Six Cases, Am. J. Obst. & Gynec. 41:811-823, 1941. 
(b) Lash, A. F.: Sickle Cell Anemia in Pregnancy, ibid, 27:79-84, 1934. (c) Noyes, R. W.: 
Sickle Cell Anemia: Report of Case with Autopsy, ibid. $2:469-473, 1946. (d) Page, E. W., and 
Silton, M. Z.: Pregnancy Complicated by Sickle Cell Anemia, ibid. 37:53-59, 1939. (e) Bauer, J., 
and Fisher, L. J.: Sickle Cell Disease, with Special Regard to Its Nonanemic Variety, Arch. 
Surg. 47:553-503 (Dec.) 1943. (f) Yater, W. M., and Mollari, M.: The Pathology of Sickle- 
Cell Anemia: Report of a Case with Death During an “Abdominal Crisis,” J. A. M. A. 96:1671- 
1675 (May 16) 1931 

4. Kobak and others.“* Yater and Mollari.*f 


5. Page and Silton.“¢ Bauer and Fisher. 
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sided heart failure,“ and vascular occlusion and intracerebral hemorrhage ' were 
reported in the other examples. Although Rigdon' has indicated that in many 
instances the explanation of death is unsatisfactory, in none of the postmortem 
studies enumerated above were histochemical studies carried out for widespread 
fat embolism. In this case there are two fundamental problems: the precipitation 
and formation of agglutinative thrombi, and the development of fat embolism 


without a previous traumatic incident. 
Pathogenesis of Sickle Cell Thrombi.—In view of the recent investigations of 


Pauling and associates ° and Singer and associates * leading to the conclusion that 
sickle cell anemia is a “molecular disease” of the corpuscular hemoglobin, an attrac- 
tive explanation exists for the formation of sickle cell thrombi. Huck* and Neel ® 
have previously emphasized that the defect in sickle cell anemia is a hereditary trait 
and transmitted by Mendelian factors. Singer and associates,’ through alkali- 
denaturation studies of sickle cell hemoglobin, and Pauling and associates,* 
through electrophoretic movements of hemoglobin charges, have brought forward 
evidence that sickle cell hemoglobin is an abnormal and easily crystallized chromo- 
protein. The crystallization of the abnormal sickle cell hemoglobin may be readily 
produced through changes in hydrogen ion concentration, carbon dioxide, or 3 
oxygen tension.'® Alterations of these physiochemical factors are apparently more 
easily accomplished in pregnancy.'' Thus, in vivo a rigid, fragile state develops, 
with irreversible agglutinative thrombi being readily formed. Since anoxia or 
some similar mechanism is a prime requisite for the formation of sickle cells with 
subsequent cohesion and crystallization of corpuscular protein, agglutinative 
thrombosis is most likely to occur in tissues where anoxia and stasis most com- 
monly occur: lung, spleen, and marrow. On the basis of these observations, it is 
difficult to attribute the localized lesions of infarction to vasospasm as has been 
postulated by Kimmelstiel.'* 

Role of Fat Embolism in Sickle Cell Disease-——Wertham and associates '* 
found intravascular fat in two of their reported five cases of sickle cell anemia. 


6. Pauling, L.; Itano, H. A.; Singer, S. J., and Wells, I. C.: Sickle Cell Anemia, a Molecu 
lar Disease, Science 110:543-548, 1949. 7 

7. Singer, K.; Chernoff, A. L., and Singer, L.: Studies on Abnormal Hemoglobin: I. Their 
Demonstration in Sickle Cell Anemia and Other Hematologic Disorders by Means of Alkali 
Denaturation, Blood 6:413-428, 1951; Il. Their Determination by Means of the Method of Frac- 
tional Denaturation, ibid. 6:429-435, 1951. 

8. Huck, J. B.: Sickle Cell Anemia, Bull. Johns Hopkins Hosp. 34:335-344, 1923 

9. Neel, J. V.: Inheritance of Sickle Cell Anemia, Science 110:64-66, 1949. 

10. Hahn, E. V., and Gillespie, E. B.: Sickle Cell Anemia: Report of a Case Greatly 
Improved by Splenectomy; Experimental Study of Sickle Cell Formation, Arch. Int. Med. 
39: 238-254 (Feb.) 1927. Scriver, J. B.. and Waugh, T. R.: Studies on a Case of Sickle Cell 
Anemia, Canad. M. A. J. 23:375-380, 1930. 

11. Dieckmann, W. J., and Wegner, C. R.: Studies of the Blood in Normal Pregnancy: V. 
Conductivity, Total Base, Chloride and Acid-Base Equilibrium, Arch. Int. Med. §8:527-539 
(April) 1934. Myers, V. C.; Muntwyler, E., and Bill, A. H.: Acid-Base Balance Disturbances 
of Pregnancy, J. Biol. Chem. 98:253-260, 1932. Oberst, F. W., and Plass, E. D.: Acid-Base 
Balance in Plasma and Blood Cells in Normal Non-Pregnant, Pregnant and Puerperal Women, 
J. Lab. & Clin. Med. 26:513-520, 1940. 

12. Kimmelstiel, P.: Vascular Occlusion and Ischemic Infarction in Sickle Cell Disease, 
Am. J. M. Se. 286:11-19, 1942. 

13. Wertham, F.; Mitchell, N.. and Angrist, A.: The Brain in Sickle Cell Anemia, Arch. 
Neurol. & Psychiat. 47:752-767 (May) 1942. 
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In one instance, intravascular fat globules were found in considerable quantities 
in the lungs, the kidneys, and the brain. In another instance, intravascular fat 
was found only im the brain. Many of the parenchymal brain alterations in these 
cases were ascribed to fat embolism. Wollstein and Kreidel '* reported fat in the 
vessels of the heart in one case of sickle cell anemia, and Brittingham and 
Vhinizy '° deseribed intravascular fat in brain, lungs, heart, spleen, adrenal glands, 
kidneys, and panereas in a case of hemorrhagic encephalitis following neoarsphena- 
mine therapy and coexistent with sicklemia. But only on two occasions has fat 
embolism associated with marrow necrosis been reported. Wertham and asso- 
ciates,’’ relying too much on the Nile blue dye, doubted that embolic fat fragments 
in sickle cell anemia were derivatives of the marrow. But Rappaport and his 
associates '® have recently shown that large fragments of marrow and fat enter the 
systemic circulation far more frequently than has been previously suspected. 
Marrow fat is separated from vascular pathways only by a single layer of endo- 
thelial cells, and with the relatively sluggish blood flow within the marrow and 
subsequent intramedullary infarction, a pathway for liberated fat is created. 
Furthermore, Harman and Ragaz ‘* have shown that preexistent conditions, such 
as ischemia, favor an embolic state 

In the present example the origin of fat embolism can be explained only from 
the necrotic marrow (./ and B in figure). Further support for this belief is that 
there was no history of illicit interference with the pregnancy, and at postmortem 
examination there was no evidence of use of abortifacients (oils or soap) or 
extrinsic traumatic markings on the cervix. The greater degree of fat embolism 
in the lung (C in figure) and the lesser and later involvement of the kidney 
(£ in figure) and brain can be ascribed to the death of this patient 72 hours after 
the apparent onset of the disease. Previous investigations respecting fat emboli 
and trauma indicate that embolism of brain capillaries requires several days for 
intense and widespread involvement.'* The absence of an inflammatory and 
demyelinating reaction around the embolic fat globules within the capillaries of the 
brain is explained on a similar temporal basis. In view of the high maternal 
mortality from sickle cell disease, histochemical studies for intravascular fat are 
indicated in an attempt to explain the frequency of “obstetric shock” in gravid 
Negro women afthected with sickle cell disease. 


SUMMARY 


A case of widespread fat embolism in a 27-year-old parturient Negro woman 
aftlieted with sickle cell disease is reported. Because of the high maternal mortality 
from such a combination of diseases, it is suggested that the sudden death may be 
due, in some instances, to widespread fat embolism following marrow infarction. 


14. Wollstein, M., and Kreidel, K. V.: Sickle Cell Anemia, Am. J. Dis. Child. 36:998-1011 
( Nov.) 1928 

15. Brittingham, J]. W., and Phinizy, T.: Hemorrhagic Encephalitis After Neoarsphenamine : 
Report of a Case with Fat Embolism Found at Necropsy, J. A. M. A. 96:2021-2023 (June 13) 
1931 

lo. Rappaport, H.; Raum, M., and Horrell, J. F.: Bone Marrow Embolism, Am. J. Path. 
27: 407-434, 1951 

17. Harman, J. V., and Ragaz, F. J.: The Pathogenesis of Experimental Fat Embolism, 
Am. |. Path. 26:551-564, 1950 


18 Wyatt, J. P.. and Khoo, P.: Fat Embolism in Trauma, Am. J. Clin. Path. 20:637-640, 
1950 


PATHOLOGIC LESIONS IN THE NERVOUS SYSTEM OF THE DUCK 
FED A RATION DEFICIENT IN VITAMIN A 


R. H. RIGDON, MD. 
GALVESTON, TEXAS 


UMEROUS observations have been made on the neurological manifestations 

of vitamin-A deficiency ; however, there are now two opposing views relative 
to this mechanism. One group of workers ' considers that a degenerative change 
occurs in the central nervous system and in the peripheral nerves, whereas Wolbach 
and Bessey * believe that the lesions in the nervous system result from a mechanical 
distortion produced by a differential rate of growth between the vertebrae and the 
spinal cord, resulting in pressure on the spinal nerves. 

Recently muscular weakness, incoordination, ataxia, and paralysis were observed 
in vitamin-A-deficient ducks.* The significant pathologic changes within the cen- 
tral nervous system were hemorrhages and necrosis of the gray and white matter, 
degeneration in the fiber tracts and nerve cells, and the formation of foci of cartilage 
and bone within the brain and spinal cord. The mechanisn by which these -tesions 
occurred was not satisfactorily explained by Fletcher and Rigdon.’ Wolbach,* com- 
menting on these pathologic lesions in the ducks, stated that they were the result 
of a disproportion in the rate of growth of the nervous and osseous tissues and that 


the presence of bone and cartilage represented only artifacts. In a detailed study 


From the Laboratory of Experimental Pathology, University of Texas Medical Branch. 


This investigation was supported by a research grant from the National Institutes of 
Health, United States Public Health Service. 

1. Hughes, J. S.; Lienhardt, H. F., and Aubel, C. E.: Nerve Degeneration Resulting from 
Avitaminosis A, J. Nutrition 2:183, 1929. Irving, J. T., and Richards, M. B.: Early Lesions 
of Vitamin A Deficiency, J. Physiol. 94:307, 1938. Mellanby, F.: The Experimental Produc- 
tion and Prevention of Degeneration in the Spinal Gord, Brain $4:247, 1931. Zimmerman, 
H. M.: Lesions of the Nervous System in Vitamin Deficiency: I. Rats on a Diet Low in 
Vitamin A, J. Exper. Med. 57:215, 1933. Zimmerman, H. M., and Cowgill, G. R.: Lesions in 
the Nervous System in Vitamin Deficiency: IV. The Effect of Carotene in the Treatment of 
the Nervous Disorder in Rats Fed a Diet Low in Vitamin A, J. Nutrition 2:411, 1936. Aberle, 
S. B. D.: Neurological Disturbances in Rats Reared on Diets Deficient in Vitamin A, ibid. 
7:455, 1934. 

2. Wolbach, S. B., and Bessey, O. S.: (a) Tissue Changes in Vitamin A Deficiency, 
Physiol. Rev. 22:233, 1942; (b) Vitamin A Deficiency and the Nervous System, Arch. Path. 
32:689 (Nov.) 1941. (c¢) Wolbach, S. B.: Vitamin A Deficiency and Excess in Relation to 
Skeletal Growth, Proc. Inst. Med. Chicago 16:118, 1946; (d) Pathology in Relation to Nutri- 
tional Research, Nutrition Rev. 3:193, 1945. 

3. Fletcher, D. E., and Rigdon, R. H.: Neurologic Manifestations Associated with Vitamin 
A Deficiency in Young Ducks: A Clinical and Pathologic Study, Arch. Neurol. & Psychiat. 
61:199 (Feb.) 1949. 


4. Wolbach, S. B.: Letter to the Editor, Nutrition Rev. 6-7:319, 1948-1949. 
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of the long bones of ducks, some of which were fed a hypovitaminosis--A and some 
a hypervitaminosis-.\ ration, no osseous lesions were tound.’ 


This paper ts a report of additional studies on the pathologic changes observed 
in ducks fed a ration deficient in vitamin A. 


METHODS AND MATERIALS 


The ducks were young white pekins obtained from the same hatchery when 2 to 3 days of 
age. The vitamin-A-deficient ration ® contained the following : 


Per Cent 

Mineralized salt ‘ sea 0.25 

Calelum carbonate 2.00 

Wheat germ ee 5.00 

Soybean-oill meal somes 18.00 
Fish meal ) 6.00 

Meat «scraps 4.00 

Hrewers’ yeast 5.00 

(iround wheat 19.65 

White corn ‘ 70.00 
Ground oats ° ee 5.00 

Molasses 5.00 

Dry vitamin D (2,000 U. S. P. units of vitamin D)........ ‘ 0.10 


* Puriflavin® is a mixture of components of the B complex, as follows 
Mg. 100 Gm. 
of Ration 


Thiamine hydrochloride P 0.5 
Riboflavin P 05 
Choline ehloride 20.0 
Folie acid 0.5 
Nicotinic acid U. 8. P 5.0 


The controls were fed commercial rations.’ Food and water were available at all times. 


Some of the ducks fed the vitamin-A-deficient ration were given by mouth capsules con- 


taining a vitamin-A supplement, 10,000 units per capsule." Usually a capsule was given every 
. 48 hours. Some of the ducks fed the vitamin-A-deficient ration were given gelatin capsules 


containing 100 units of vitamin A prepared by Eli Lilly & Company specifically for use in this 
experiment.” 


The ducks were observed for approximately 10 weeks. They were usually killed after the 
development of clinical symptoms. The spinal cord and adjacent nerves and ganglia were care- 
tully removed and fixed in a dilute solution of formaldehyde U. S. P. (1:4). Subsequently, 
multiple sections were removed from the spinal cord, and paraffin sections were prepared. 
Histologic sections were stained routinely with hematoxylin and phloxine, while selected sec- 
tions were stamed with thionine for Nissl’s substance. From some birds portions of the brachial 


and sacral plexus were removed for histologic study. Microscopic studies were made only on 
ducks that were killed and submitted to autopsy immediately. 


From some of the ducks the vertebral columns were removed. They were also fixed in a 
dilute solution of formaldehyde and subsequently cut with a band saw. They were cut in either 
the anteroposterior or the lateral plane. The spinal cord with attached dura was removed, and 


the vertebral foramen was examined macroscopically 


5. Rigdon, R. H.; Rude, J. C., and Biere, J. G.: Effect of Hypervitaminosis A and Hypo- 
vitaminosis A on the Skeleton of a Duck, A. M. A. Arch. Path. §2:299 (Oct.) 1951. 


6. The vitamin-A-deficient ration was prepared by Dr. H. C. Schaefer, of the Ralston 
Purina Company, St. Louis 


7. These were duck startena® and growena,® made by the Ralston Purina Company, St. 
Louis 


This preparation was alphalin,* made by Eli Lilly & Company, Indianapolis. 


9 This special 


vitamin preparation was made available by Dr. C. EF. Roach, of Eli Lilly & 
Company, Indianapolis 
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CLINICAL OBSERVATIONS ON VITAMIN-A-DEFICIENT DUCKS 
The clinical manifestations of vitamin-A deficiency in the duck have been 
described in previous publications.'® In the present study the first abnormal symp- 


Fig. 1—A, B, C, and D show Duck 1, aged 26 days, fed a vitamin-A-deficient ration; 
weight, 500 gm. This duck is weak and unstable on its feet. It shows increased lacrimation, 
indicated by the moist area around the eye. 


E and F show Duck 2, aged 26 days, fed a vitamin-A-deficient ration supplemented with 
large amounts of vitamin A; weight, 775 gm. This duck is normal. 


10. (a) Rigdon, R. H.: Clinical Observations on Vitamin A Deficiency in Young Ducks, 
Texas Rep. Biol. & Med. 5:438, 1947. (b) Fletcher and Rigdon.’ 
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tom observed was weakness, accompanied with increased lacrimation. Frequently 


the down was moist in a zone around the eyes. Sometimes the nares were either 


partially or completely occluded and the birds would breathe by opening their bills. 


\t times the ducks would move their heads and necks in a purposeless manner to 


and fro and to right and left. They became ataxic, progressively weaker, unstable, 


and finally unable to eat and drink. Death occurred soon thereafter. Figure 1 


illustrates some of these clinical observations. The vitamin-.\-deficient duck shown 


big. 2.—1, drawing of the vertebral column of a normal duck. This is a lateral view and 
shows concavities where the spinal nerves leave the vertebral foramen. 


BR, transverse sections through the vertebral bodies of a normal duck. Note that the space 
ts extradural. This is located laterally and dorsal to the spinal cord. The size of this space is 
much less in the lower thoracic and lumbar region. 


in Figure 14, 8, C, and P) was 26 days of age and weighed 500 gm. The control 
shown in Figure 1 and F was fed the same deficient ration supplemented with 
vitamin .\ and weighed 775 gm. at 26 days of age. 

The time of onset of neurological symptoms varied in different ducks and also 
in different groups of ducks. Usually the symptoms appeared about the third week, 
and by the sixth week most of the birds were moribund. Although this study was 


| 

- 

ae 

— 


Fig. 3.—Vertebrae from a normal duck: 4, lateral view of the cervical region. Note the 
concavities between the vertebral bodies 

B, ventral surface of the vertebral bodies. Note the absence of any concavities here. 

C, dorsal half of the vertebral bodies. Note the concavities between the bodies of the verte- 
brae similar to those described on the lateral surfaces in 4. 


Fig. 4.—Vertebrae from a duck fed the deficient ration for 38 days: A, lateral view of the 
vertebrae showing concavities. This aspect is the same as that observed in normal ducks. 

B, dorsal view of the vertebral foramen showing concavities between each two bodies. This 
aspect is also the same as that observed in normal ducks. 

In C, note the space between the spinal cord and the vertebral bodies. 

D, spinal cord and nerves from a duck fed the deficient ration for 30 days. No gross lesions 
are present in the spinal cord, ganglia, or nerves. 
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carried on throughout most of the year, it would seem that clinical symptoms 
develop earlier in ducks obtained during the summer months than in those observed 
in the winter and early spring. 

Ducks fed the vitamin-A-deficient ration supplemented with adequate doses 
of vitamin \ grew at a normal rate.° Birds fed the deficient ration and given only 
100 units of vitamin \ ultimately had symptoms of vitamin-A deficiency. All ducks 
fed the vitamin-.\-deficient ration showed an absence of yellow pigments in the skin. 


Previous observations had shown an absence of vitamin A in the livers of ducks 


fed this vitamin-.\-deticient ration 


OBSERVATIONS 


ON THE VERTEBRAE OF THE DUCK 


The vertebral columns of 35 normal ducks varying in age from 2 to 10 weeks 
were studied. Figure 24 is a drawing of the spinal column of a duck. The number 
of vertebrae, determined by roentgenograms, varied between 47 and 50. Sometimes 
it was difficult, in young birds, to determine the number of vertebrae in the distal 
end of the column. There were large concavities in the areas of the intervertebral 
foramina, A similar concavity was present in the midline in the dorsal area of the 
vertebral foramen (Fig. 3.4 and C). The size of these concavities varied; the 
largest were present in the cervical and thoracic portions of the vertebral column. 
They were essentially absent in the lumbar and sacral region. Transverse sections 
of the vertebral column showed these potential spaces within the foramen to be 
extradural ( Fig. 2P ) 

Similar observations were made on the vertebrae of 10 ducks, 3 to 7 weeks of 
age, ted the vitamin-A-deficient ration. No abnormal variations were present. 
Portions of the vertebral column from a duck 37 days of age fed the deficient ration 
and showing the clinical manifestations of vitamin-A deficiency are shown in Figure 
4.1, B, and C. Concavities are present here in this vertebral foramen (Fig. 44 
and 2) similar to those in the ducks fed the standard ration. 

The spinal cord of a vitamin-A-deficient duck is shown in Figure 4C. There 
are no areas where the cord appears to be compressed by an overgrowth of bone. 
The cord, with attached nerves and ganglia, of a duck fed the vitamin-A-deficient 
ration for 30 days is shown in Figure 4). No macroscopic abnormalities are 
present 

The vertebral columms of six ducks fed the vitamin-A-deficient ration supple- 
mented with vitamin A did not show any macroscopic variations as compared with 
the controls 


PATHOLOGIC 


STUDY OF THE NERVOUS TISSUE 


The spinal cords from 50 normal ducks, 14 to 42 days of age, were examined 
macroscopically, and no abnormalities were observed. Histologic studies were made 
on 20 of these. The only feature of particular interest noted was a clumping of 
Nissl's substance in many of the nerve cells, much more than one finds routinely in 
normal human nerve cells. No areas of either cartilage or bone formation were 
found in any of the ducks fed the standard ration. 

Similar macroscopic observations were made on the spinal cords of 30 ducks, 
24 to 65 days of age, fed the vitamin-A-deficient ration. The majority of these birds 
were killed after clinical symptoms of vitamin-A deficiency had developed, and a 


few were killed before any symptoms appeared. No macroscopic lesions were found 


11. Fletcher and Rigdon.“ Rigdon, Rude, and Biere.® 
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Fig. 5.—In A the nerve cells on the left are pyknotic. The nuclei are not visible. The four 
cells on the right show some clumping of Nissl’s substance. This duck was on the deficient 
ration for 23 days. Hematoxylin and phloxine stain; « 516. 

In B the cell on the right is pyknotic and atrophic. Note the large space around this cell. 
The cell on the left shows some clumping of Nissl’s substance; however, it is less severely 
injured. Duck J-4, aged 44 days; deficient ration. Hematoxylin and phloxine stain; x 731. 

C shows a cell a portion of which is absent. Note the space about it. Duck J-3, aged 45 
days; deficient ration. Hematoxylin and phloxine stain; x 731. 
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Fig. 6.-In A, the nerve cells in the anterior horn are atrophic, and several are absent. The 
vitamin-A-deficient ration was fed this duck for 44 days. Hematoxylin and phloxine stain; 
x 228 


BR, control for 4. The standard ration was fed this duck, N-2. Hematoxylin and phloxine 
stain; 22.8 


a] 


at 


Fig. 7—In 4, note the many spaces where nerve cells previously were located. No cellular 
reaction accompanies this degeneration. Duck J-4, aged 45 days; deficient ration. Hematoxylin 


and phloxine stain; x &7.3 


In B, anterior horn cells are present. Duck N-5; standard ration. Hematoxylin and phloxine 
stain; 87.3 
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in any of these birds ; however, histologically a few petechiae were present. Usually 
they were located within the gray substance of the cord. The nerve cells frequently 
were shrunken and dark-staining, and the nuclei were invisible (Fig. 54). A clear 
space surrounded many of these pyknotic nerve cells (Fig. 5B and C). Fragmented 
nerve cells were present (Fig. 5C). It is of interest to note the absence of a 
cellular reaction about these degenerating nerve cells, such as that occurring about 
degenerated nerve cells in the human. The degenerative lesions within the nerve 
cells were more conspicuous within the anterior horns ; however, they were present 
in the posterior horns of the spinal cords and in the root ganglia. Similar changes 
of a lesser degree could be demonstrated within the cells in the area of the basal 
nuclei, This lesion was not uniform within the spinal cord, the nerve cells at some 
levels being more involved than others. Figures 64 and 74, showing sections of 
the spinal cords of ducks fed the deficient ration for 44 and 45 days, respectively, 


Fig. 8.—A, nerve root ganglion from a duck (J-11) fed the deficient ration for 57 days. The 
nerve cells are pyknotic and atrophic. Some are absent. Hematoxylin and phloxine stain; 
x 91.6. 


B, control for 4. Duck N-5; fed standard ration. Hematoxylin and phloxine stain; x 91.6. 


reveal spaces within the anterior horn formerly filled by nerve cells. At the time 
these ducks were killed there were clinical symptoms of vitamin-A deficiency. 

The spinal ganglia of both the normal and the deficient birds were studied. 
A few pyknotic nerve cells were found in the former group, and a few spaces were 
present, indicating the sites where nerve cells previously were located. On the con- 
trary, degenerative changes were conspicuous in the ganglia of some of the 
vitamin-A-deficient ducks. Many of the nerve cells had disappeared in some of the 
ducks fed the vitamin-A-deficient ration (Fig. 84). 

In view of the degenerative changes demonstrated within the spinal cord and 
ganglia, sections of the peripheral nerves and spinal cords were stained with osmic 
acid. A few minute areas of degeneration were present in the peripheral nerves of 
ducks fed the vitamin-A-deficient ration. Since similar areas were present in the 
nerves of ducks fed the standard ration, no significance was attributed to the lesion. 
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No changes were demonstrated with osmic acid in the spinal cords of ducks whether 
these were on the deficient or on the standard rations 


In Figure 9 are some of the lesions observed in ducks fed this same vitamin-A- 
deficient ration and reported by Fletcher and Rigdon 


were very conspicuous 


in 1949. The hemorrhages 
Focal areas of cartilage and osseous tissues frequently 
cecurred in the nervous tissue. Since the original publication did not have good 


Fig. 9-4, Duck 525, aged 14 days; weight, 315 gm.; deficient ration. The bird was unable 
to walk, falling from side to side. It moved its head and neck to and fro. Note the large area 
of hemorrhage. Hematoxylin and phloxine stain; x 85.7. 

B, Duck A-8-4, aged 13 days; deficient ration. The bird was. weak and shaking all over. 
Note the bone and myeloid tissue in the spinal cord. Hematoxylin and phloxine stain; x 97. 

C, Duck A-8-5, aged 13 days; deficient ration. It was weak and shaking all over. A focal 
area ot cartilage is present in the cord. Hematoxylin and phloxine stain; « 97. 

PD), Duck A-8-2, aged 11 days; deficient ration. No vitamin A was demonstrated in the liver. 
There is a focal area of osteoid tissue in the spinal cord. Hematoxylin and phloxine stain; x 57. 


illustrations of these pathologic lesions, they are included in this paper. Why there 
is an absence at this time of large hemorrhages and of foci of cartilage and bone 
formation in ducks fed the same ration is unknown. 


RIGDON—LESIONS IN DEFICIENT IN 


DUCK VITAMIN 


COMMENT 


In any study on vitaminosis it is preferable to use a synthetic ration. That the 
present ration was deficient in vitamin A and apparently adequate in other nutri- 
tional requirements is supported by the observations on the growth of ducks when 
vitamin A was supplemented.’ Furthermore, the liver was deficient in vitamin A 
in ducks fed this ration.'* When this ration was used by Fletcher and Rigdon in 
1949,° the ducks showed earlier and more pronounced clinical manifestations ; the 
hemorrhages within the nervous tissue were larger and more frequent, and foci of 
bone and cartilage were present. In the present study there were few petechiae and 
no foci of bone and cartilage formation. Degenerative changes were present in the 
nerve cells at both times, but they were more conspicuous in the latter experiment. 
In the present study a larger number of ducks were studied than in the previous one. 

There is no evidence in the present study to show that the degenerative changes 
in the nervous system are secondary to osseous changes resulting in mechanical 
pressure on the nerves. It would appear that the absence of vitamin A is the basis 
of the degenerative changes within the nerve cells. The absence of degenerative 
changes within the peripheral nerves of these ducks may be attributed to an insuffi- 
cient length of time for such to occur secondarily to the degeneration of the nerve 
cells within the spinal cord. 

The absence of macroscopic lesions in the vertebrae in this study and the failure 
to demonstrate either histologic or roentgenographic lesions in the long bones of the 
extremities in a previous study © would suggest that the metabolic processes refer- 
able to vitamin A are different in the bird from those described by Wolbach * in 
rats and guinea pigs. 

In removing the spinal cord, if the pia is torn, the cord will herniate producing 
a small nodule on the surface. Such an artifact did not occur in the spinal cords 
that Fletcher and Rigdon * formerly described as having nodules in the lateral and 
dorsal regions. These nodules apparently resulted from the hemorrhages, bone, and 
cartilage occurring within the cord. The normal concavities located in the lateral 
and dorsal portions of the vertebral foramen are adequate to permit considerable 
local swelling of the spinal cord. The nodules previously described as occurring on 
the spinal cord apparently occurred in these specific areas. 
SUMMARY 
The pathologic changes occurring in young ducks fed a vitamin-A-deficient 
ration are found primarily in the nerve cells of the spinal cord and the spinal root 
ganglia. Few petechiae are present in the gray substance of the cord. The vertebral 
column was carefully examined to see whether the osseous tissue had compressed 
the cord. Such pressure was not demonstrated. Foci of cartilage and bone and 
large hemorrhages also were not present in the central nervous system of these 
ducks ; however, they were fed the same vitamin-A-deficient ration as was used 
previously by Fletcher and Rigdon.* The explanation of this variation in the occur- 
rence of lesions in ducks is not known. 
The photographs were made by Mr. F. W. Schmidt, director of the Department of Medical 


Photography, University of Texas Medical Branch. 


12. Fletcher and Rigdon.’ Rigdon, Rude, and Biere.® 
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ANALYSIS OF HYPERCHROMATISM IN THE HISTOLOGIC DIAGNOSIS 
OF CARCINOMA OF THE CERVIX UTERI 

With Special Reference to intraepithelial and Invasive Squamous Cell 

Carcinoma and Squamous Metaplasia 


ALVAN G. FORAKER, M.D. 
ATLANTA 


HERE is still not general acceptance of the idea that noninvasive anaplasia 

of the cervix is a neoplastic process.’ In order to orient intraepithelial 
carcinoma in relation to invasive carcinoma and non-neoplastic lesions of the cervix, 
an attempt has been made to place one of the facets of anaplasia on an objective, 
measurable basis. The degree of anaplasia depends on the amount of hyperchro- 
matism and lack of differentiation of the cells.* To the eye of the pathologist, 
hyperchromatism is seen as larger, darker nuclei and an increase in the nuclear- 
cytoplasmic ratio.” The effect of these changes is to absorb more of the light 
reaching the tissue. In the present study, hyperchromatism was measured as 
manifested by light absorption using: 

1. The type of section usually available to the average pathologist. 


2. Light in the visual range. 


3. Simple photometric apparatus." 


From the Departments of Pathology, Emory University School of Medicine and Grady 
Memorial Hospital. 


Read before the Annual Meeting of the Southern Section of the American Federation for 
Clinical Research in Atlanta, Jan. 18, 1952. 


This investigation was supported by a research grant from the National Cancer Institute 
of the National Institutes of Health, United States Public Health Service. 

1. Diddle, A. W.; Ashworth, C. T.; Brown, W. W., Jr., and Bronstead, M. T., Jr.: Non- 
invasive Cervical Carcinoma, Am. J. Obst. & Gynec. 57:376, 1949, 


2. Gurskis, EF. E.; Beaver, D. C., and Nelson, H. M.: The Microscopic Criteria for the 
Diagnosis of Early Carcinoma of the Cervix Uteri, Surg., Gynec. & Obst. 85:727, 1947. Younge, 
P.; Hertig, A. T., and Armstrong, D.: A Study of 135 Cases of Carcinoma in Situ of the 
Cervix at the Free Hospital for Women, Am. J. Obst. & Gynec. 58:867, 1949. 


3. Pund, FE. R.; Nettles, J. B.; Dick, F., Jr, and Cardwell, E. S., Jr.: The Pathology of 


Early Carcinoma of the Cervix: The Status of Preinvasive Carcinoma, South. M. J. 41:711, 
1948. 


4. (a) Bondy, P. K.; Sheldon, W. H., and Evans, L. D.: Changes in Liver Glycogen 
Studied by the Needle Aspiration Technic in Patients with Diabetic Ketosis: With a Method 
for the Fstimation of Glycogen from Histologic Preparations, J. Clin. Invest. 28:1216, 1949. 
(b) Pollister, A. W., and Moses, M. J.: A Simplified Apparatus for Photometric Analysis 
and Photomicrography, J. Gen. Physiol. 32:567, 1949. 
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In evaluating hyperchromatism of cervical epithelium the pathologist has, in 
addition to personal experience and training, two reference points: 

1. His familiarity with the results of the staining routine of his laboratory as 

evidenced in other specimens of squamous epithelium. 

2. A comparison of the staining reactions of the segment of epithelium in 
question and a region of cytologically non-neoplastic epithelium in the same 
sections. 

The latter reference point is more amenable to objective measurement. It is 

the basis for the present study. This concept is in accord with the current trend 

toward the use of quantitative methods of studying histologic preparations.* 
When photometric methods* were used for determining light-absorption 
properties, the epithelia of intraepithelial and invasive carcinoma of the cervix 

showed very similar general staining intensity (e. g., “optical density,” Table 1) 

and affinity for basic dyes (e. g., “coefficient of basophilia,” Table 2). These prop- 

erties differed markedly from similarly determined light-absorption characteristics 
of normal or metaplastic squamous cervical epithelium. 

MATERIALS 


AND METHODS 


Twenty cases each of invasive squamous cell carcinoma, intraepithelial carcinoma, and 
. squamous metaplasia of the cervix were studied. Consecutive cases were taken from the labora- 
tory files which fulfilled the following criteria: 

1. Both normal and abnormal (invasive or intraepithelial carcinomatous, or metaplastic) 

epithelium must be present on the same slide in sufficient amount to permit study. 

2. No inflammatory cells may be present in the areas of epithelium to be studied. 

The selection of cases involved review of 104 cases of invasive carcinoma, 43 cases of intra- 
epithelial carcinoma, and 53 cases of squamous metaplasia. Most of the rejected cases had no 
normal epithelium on the slide or an excessive inflammatory reaction. All sections had been cut 
at 5 microns and stained with ordinary hematoxylin and eosin routine. 

The normal epithelium on each slide was taken as a control of thickness of section and 
Staining technique. In view of the finding that normal epithelia from all types of cases had 
closely approximating average staining intensities (e. g., the mean optical densities A-1, A-2, 
A-3, Table 1), there is little reason to believe that technical artifacts played any considerable 
part in the results obtained. 

The optical density of the epithelium was determined photometrically. The light source 
was a lamp containing two 15-watt fluorescent bulbs. The image of the area to be examined 
was projected at a magnification of X 165 on the ground glass of a Visicam photomicrographic 
apparatus. The search unit of a Photovolt electronic photometer was substituted for the film 
holder of the photomicrographic apparatus. The diaphragm of the photometer search unit was 
adjusted so that the light striking the photoelectric cell corresponded to the clear central zone 
in the ground glass screen.*” 

Ten readings were taken of areas of the slide containing no tissue. This step automatically 
corrected for variations of color or thickness of the slide, cover slip, or mounting medium.“ 


5. Chalkley, H. W.: Method for the Quantitative Morphologic Analysis of Tissues, J. 
Nat. Cancer Inst. 4:47, 1943. Foraker, A. G.: Giant Follicle Lymphoma and Follicular Hyper- 
plasia of Lymph Node: Comparison of Follicle Size and Other Measurements, Cancer, to be 
published. Foraker, A. G., and Denham, S. W.: Quantitative Exfoliative Cytology: The 
Effect of Diethylstilbestrol on the Glycogen Content of the Epithelial Cells in Urinary Sediment 
and Cervical Smears in Pregnancy, A. M. A. Arch. Path. $2:155 (Aug.) 1951. Laird, A. K.: 
Cell Proliferation and Changes in the Large Granule Fraction During Hepatic Carcinogenesis, 
Proc. Soc. Exper. Biol. & Med. 77:434, 1951. Pollister and Moses.‘ 
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It corresponded to the stage of blood chemistry photometric analysis wherein the optical density 
of a blank solution is recorded as a preliminary measure.” Ten readings were taken from the 
normal squamous epithelium. An area of epithelium was selected, and five readings were taken 
from consecutive high-power fields. The fields were selected so that the clear central zone of 
the ground glass screen (representing 0.0289 sq. mm. on the slide) was filled by the tissue 
to be analyzed. The readings were taken from the middle zone of the epithelium along a line 
estimated to be equidistant from the superficial and the deep border of the epithelium. A second 
region of normal epithelium was chosen, and five additional readings were taken. The readings 
irom two different areas of normal epithelium gave closely corresponding values. This step 
was intended to correct for variations in thickness of the sections or in staining technique. The 
proceeding was analogous to the stage of blood chemistry photometric analysis wherein the 
optical density of a standard solution is measured.* Subsequently 10 similarly chosen determi- 
nations (five fields in two different areas) were taken in the abnormal epithelium of each slide. 
This step corresponds to the stage of blood chemistry photometric analysis wherein the optical 
density of the unknown solution is measured.* 

With no light striking the search unit, the photometer was adjusted to read 0.0.4 With an 
area containing no tissue in the field, the mirror was rotated so that light reached the search 
unit. The substage diaphragm of the microscope was then adjusted so that the photometer 
reading lay between 90.0 and 100.0. The light intensity remained unchanged through the subse- 
quent series of 60 determinations made in each case. Readings were taken in 10 fields each 
without tissue, with normal epithelium, and with abnormal epithelium as noted. Each determi- 
nation was made with no filter in the system and with a Wratten Tricolor Red 25-A filter? 
placed below the microscope condenser. 

With no filter in the system, dividing the mean reading obtained for the normal epithelium 
by the mean reading without tissue produced the relative per cent transmission of normal 
epithelium. The relative per cent transmission of abnormal epithelium was similarly computed. 
Dividing the mean reading for abnormal epithelium by the mean reading for normal epithelium 
produced the relative per cent transmission of the abnormal as compared with the normal 
epithelium. Similar computations were prepared from the readings with the red filter. These 
per cent transmissions were transiated to optical density by application of the formula: d= 2 

Log T (Optical density 2 —logarithm of per cent transmission ).“ 


RESULTS 

The results of the study are summarized in Table 1. Statistical analysis 
(Columns 4, 5, and 6, Tables 1 and 2) showed scant possibility that the differences 
established were the result of accident or that seemingly conforming means 
(e. g., A-1, A-2, A-3) owed their approximation to chance. 

On measuring without filter there was little difference in the mean optical 
densities of normal epithelia from cases of invasive carcinoma (A-1), intra- 
epithelial carcinoma (.A-2), and squamous metaplasia (A-3). On using the red 
filter little difference was found in the mean optical densities of normal epithelia 
from cases of invasive (B-1) and cases of intraepithelial (B-2) carcinoma. In 
this determination normal epithelia from cases of those two types of carcinoma 


tended to have higher mean optical densities than that from cases of squamous 
metaplasia ( B-3). 


Little difference was found in the mean optical densities of abnormal epithelia 
from cases of invasive (C-1, D-1) and cases of intraepithelial (C-2, D-2) car- 


Hawk, P. B.; Oser, B. L., and Summerson, S. H.: Practical Physiological Chemistry, 
The Blakiston Company, 1947, p. 496 


Wratten Light Filters, Ed. 17, Rochester, N. Y., Eastman Kodak Company, 1945, pp. 35 
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cinoma with or without the red filter. Abnormal epithelium from cases of these 
two types of neoplasm had materially higher mean optical densities than abnormal 
epithelium from cases of squamous metaplasia (C-3, D-3). 


TasBLe 1.—Optical Densities and Related Data from Twenty Cases Each of Invasive Carcinoma, Intra- 


epithelial Carcinoma and Squamous Metaplasia of the Cervix, With or Without Red ; 
(Wratten 25-A) Filter, Using Fluorescent Light 3 
Mean Optical Densities 
(and Standard Errors) 
1 2 3 5 6 
Careinoma Carcinoma Metaplasia va. 2) vs. 3) (2 va. 3) 
Normal epithelium 
08 >p>07 08>p>07 = 1.6 (approx.) 
B. Red filter ........... O19 O1 +001 1.701 


127 
06>p>05 03>p>02 01> p> 0.06 
Abnormal epithelium 


0.400 > 0.021 0.415 = 0.019 0.236 > 0.015 0.530 4419 6.331 

06>p>05 p< 0.001 p < 0.001 
D. Red filter .......... 0310.05 03620020 06.1742 0.010 0.199 6.0 8.125 

09>p>o8 p< 0.01 p< 0.001 


Abnormal epithelium compared with normal epithelium 


0.158 > 0.014 0.1590 > 0.011 0.127 0.007 8.344 9 462 
0.7>p>06 P< 0.001 p< 0.001 4 
0.186 > 0.014 60.171 > 0.013 0.025 > 0.006 0.785 10.52 10.210 
05>p>04 p < 0.001 p< 0.001 H 
and Yates,’ p. 30. Snedecor.** 
* is the significance ratio. A value of 4.00 or greater usually signifies a statistically valid difference. “p” is the ; 
of greater value of “t.” For example, 08 >p > 0.7 means that there is 70-80% chance that the difference 


under analysis is mere coincidence. 


Taste 2.—“Coefficients of Basophilia” in Normal and Abnormal Epithelium from Twenty Cases Each of 
Invasive Carcinoma, Intraepithelial Carcinoma, and Squamous Metaplasia of the Cervix, Based 
on the Presence or Absence ¥ a Red (Wratten 25-A) Filter in the Photometric System 


Mean “Coefficients of Basophilia” 
(and Standard Errors) 


1 3 6 
Invasive Intraepit thelial Squamous “pt 
Carcinoma oma Metaplasia (1 vs. 2) (1 vs. 3) (2 vs. 3) 

G. Normal 

Epithelium ......... 0.918 + 0.013 0.920 > 0.006 0.886 > 0.007 0.140 2.162 3.688 

1—(A—B) 09>p>08 0.06 >p>0.02 p< 0.001 
H. Abnormal 

Epithelium .......... 0.951 > 0.007 0.941 > 0.006 0.888 > 0.006 1.163 Oss 6.883 

1—(C—D) 03>p>02 p < 0.001 Pp < 0.001 ; 
I. Abnormal epithelium 

compared to normal 

epithelium ........... 102s 20.008 10.06 0.908 0.00 0, 


1—(E—F) 


* Fisher and Yates,'** p. 30. Snedecor.'2® 
t See footnote to Table 1. 


648 2.959 
07 >p>06 0.01 > p > 0.001 > p> 0.001 


Little difference was found in the mean comparable optical densities of abnor- 
mal compared with normal epithelium in cases of invasive (E-1, F-1) or cases of 
intraepithelial (E-2, F-2) carcinoma. However, both varieties of carcinoma had 
much higher comparable densities of abnormal compared with normal epithelium 
than did squamous metaplasia (E-3, F-3). 

The changes produced by the presence or the absence of the red filter in the 
photometric system are recorded in Table 2. In this computation the optical 
densities obtained when the filter was used were subtracted from those obtained 


— 
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without the filter. The resultant expressed the increment in optical density induced 
by removing the red filter from the system (e. g., > A —B, Table 1). To correlate 
these changes in optical density with visual color changes in the tissue, it seemed 
hest to convert this increment to a value that would vary with increase in 
“basophilic” staining properties of the tissue.” These properties are believed to 
be a function of the content of nucleic acids and allied substances.” The basophilic 
staining property is expressed as the “coefficient of basophilia.” This is an abstract 
value designed to increase numerically with a gain in affinity of the tissue for basic 
dyes. The “coefficient of basophilia” was computed by subtracting the increment 
in optical density noted above from 1— e. g. (Table 2), “coefficient of basophilia” : 
G=— 1 (A 3). Since the filter absorbs green, blue, and ultraviolet rays,’ 
this “coefficient of basophilia” represents the absorption of as great a proportion 
of the rays which pass the filter (in the red range) as of the more extensive 
spectral range furnished by the unfiltered light. A low value is an indication of a 
tissue with comparatively little “basophilic” properties. A high value indicates 
considerable “basophilia” of the tissue, since a comparatively greater proportion 
of light in the red range of the spectrum is absorbed. 

Little difference was found in the mean “coefficients of basophilia” for normal 
epithelia from cases of invasive (G-1) and cases of intraepithelial (G-2) carcinoma. 
However, normal epithelium from both these types of cases had larger mean “coeffi- 
cients of basophilia” than did normal epithelium from the cases of squamous meta- 
plasia (G-3) 

Roughly equivalent mean “coefficients of basophilia” were found for neoplastic 
epithelia from cases of invasive ( H-1) and cases of intraepithelial (H-2) carcinoma. 
These neoplastic epithelia had much larger mean “coefficients of basophilia” than 
the abnormal epithelium obtained from cases of metaplastic (H-3) squamous 
epithelium. 

The mean “coefficients of basophilia” of neoplastic epithelia (H-1, H-2) were 
larger than those of normal epithelia from the same cases (G-1, G-2). This 
parallels the properties indicated by the values exceeding 1 obtained for the mean 
“coefficients of basophilia’ of abnormal as compared with normal epithelium in 
cases of invasive (1-1) and intraepithelial (1-2) carcinoma. These values were 
roughly equivalent. 

The mean “coefficients of basophilia” of metaplastic (H-3) and normal (G-3) 
epithelia from the same cases had equivalent values. This is an expression of the 
similarity in light-absorption properties of the two types of epithelium revealed by 
the virtual unity obtained in computing the mean “coefficient of basophilia” of 
abnormal as compared with normal epithelium in these cases (1-3). 


COM MENT 


Nucleoproteins are the chief constituents responsible for staining characteristics 
» Nucleic acids have been found in high 
concentration in embryonic tissues, regenerating tissues, and neoplasms.“ It is 


of cells in ordinary histologic preparations.* 


8 (a) McKay, D. G., and Farrar, J. T.: Basophilic Substances in Human Liver Cells, 
Cancer 3:106, 1950. (b) Opie, E. L.: Mobilization of Basophilic Substance (Ribonucleic Acid) 
in the Cytoplasm of Liver Cells with the Production of Tumors by Butter Yellow, J. Exper. 
Med. 84:91, 1946. 
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probable that most of the findings in the present study relate to content of nucleo- 
proteins and allied basophilic substances in the cells. 

Preliminary attempts to perform this study with tungsten-filament lamps were 
not successful. They contained substantially less emission in the short wave of the 
spectrum than fluorescent bulbs." The emission from fluorescent bulbs includes 
some relatively intense lines in the near-ultraviolet and blue-violet portions of the 
spectrum. It seems probable that the present study is similar in certain aspects to 
the field of ultraviolet microscopy.’® 

With the methods described, the epithelia of invasive and intraepithelial carci- 
noma showed virtually indistinguishable light-absorption properties. This might 
be an additional point in clarifying the status of intraepithelial carcinoma as a true 
neoplastic process.'' Both types of neoplastic epithelium had definitely increased 
optical density and computed “basophilia” as compared with normal or metaplastic 
cervical epithelium. 

No explanation of the greater computed “basophilia” (G, Table 2) of the normal 
epithelium from the cases of carcinoma as compared with that from the cases of 
squamous metaplasia is advanced. It is not a function of age, since no correlation 
was established '* between age of patient and “coefficient of basophilia” (G) of 
normal epithelium in cases of invasive carcinoma (r = 0.405; 0.1 > p > 0.05), 
cases of intraepithelial carcinoma (r =< —0.272; p > 0.1), cases of squamous meta- 
plasia (r — —0.103; p > 0.1), or the total group of cases considered as a whole 
(r = 0.098; p > 0.1). Three possibilities are suggested : 

1. The carcinoma may stimulate “basophilia” (e. g., nucleoprotein content, 

etc.) in the adjacent normal epithelium. 


The carcinoma may tend to arise in epithelium having greater “basophilia.” 


3. An increase in “basophilia” of cervical squamous epithelium may be a pre- 
cursor of histologically identifiable carcinoma.'* 


SUMMARY 


Hyperchromatism as a factor in evaluating anaplasia in squamous cell carcinoma 
of the cervix has been subjected to measurement and comparison. Normal and 
abnormal epithelium from 20 cases each of invasive squamous cell carcinoma, intra- 


9. Carlson, F. E.: Personal communication to the authors in 1951. 

10. (a) Carruthers, C., and Suntzseff, V.: A New Common Biochemical Property of 
Tumors Derived from Different Tissues, Science 114:103, 1951. (b) Caspersson, T.: The 
Relations Between Nucleic Acid and Protein Synthesis, Symp., Soc. Exper. Biol. No. 1, pp. 
127-151, 1947. (c) Stowell, R. E.: Alterations in Nucleic Acids During Hepatoma Formation 
in Rats Fed p-Dimethylaminoazobenzene, Cancer 2:121, 1949. 

11. McManus, J. F. A., and Findley, L.: Histochemical Studies on Glycogen in Carcinoma 
in Situ of the Cervix Uteri, Surg., Gynec., & Obst. 89:616, 1949. Pund and others.* 

12. (a) Fisher, R. A. and Yates, F.: Statistical Tables for Biological, Agricultural and 
Medical Research, ed. 2, London, Oliver & Boyd., Ltd., 1943, p. 42. (b) Snedecor, G. W.: Sta- 
tistical Methods Applied to Experiments in Agriculture and Biology, Ed. 4, Ames, Iowa, The 
Iowa State College Press, 1946, p. 42. (c) “r” is the correlation ratio. 1.00 or — 1.00 is an 
indication of perfect correlation. 0.1 > p > 0.05 means that there is a 10 to 5% chance that 
the relationship under inquiry does not represent true correlation. 

13. Opie.*” Stowell.2% 
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epithelial squamous cell carcinoma, and squamous metaplasia were studied photo- 
metrically, using fluorescent light. The results showed: 


Virtually identical light-absorption properties, presumably correlating with 
intensity of staining, of neoplastic epithelia from invasive and intraepithelial 
carcinoma. 
Higher mean optical density and greater computed “basophilia” of both 
types of neoplastic epithelium as compared with normal or metaplastic 
epithelium. 


Accentuation of these differences on comparing the light-absorption prop- 
erties of normal and abnormal epithelium in individual cases. 


Little difference in optical density of normal epithelia from all three types 
of cases. 

Greater computed “basophilia” of normal epithelia from the cases of invasive 
and intraepithelial carcinoma as compared with the cases of squamous 
metaplasia. 
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SENILE FIBROSIS OF THE STOMACH OF THE ALBINO RAT 


FREDERIC E. SHAFFER, MS. 
AND 
FRANK R. DUTRA, M.D. 
CINCINNATI 


N 1939 Ivy wrote that “evidence pertaining to the effect of aging per se on the 

morphology of the stomach does not exist.”' Examination of the literature 
confirms this, and there have been no published accounts of senescence of the 
stomach since then. 

In the course of a long feeding experiment, a significant amount of fibrosis oi the 
mucosa and of the muscularis mucosae of the stomach developed in both test and 
control albino rats that survived for two years. The purpose of this paper is to 
describe the development and appearance of this fibrosis. 


PROCEDURE 
The feeding experiment consisted of incorporating into a standard diet? a substance that 


proved to be entirely inert; control animals were given the same diet without addition of the 
material being tested. 


During the course of the experiment, other control rats ranging from 1 to 23 months of age 
were subjected to postmortem study; these included 10 additional rats that were 7 months old. 
All of the stomachs were examined under the same conditions as those of the original group. 
All the animals were killed by exsanguination after they had been anesthetized with pento- 
barbital sodium. Complete autopsies were made, and tissues were preserved in formalin for 
microscopic examination. The stomachs from all the rats were stained with hematoxylin and 
eosin, and representative specimens were also stained with the Masson trichrome technique, 
Mallory’s azocarmine stain, Wilder's reticulum stain, and crystal violet. 


RESULTS 


amount of connective tissue in the region between the deepest parts of the gastric 
glands and the muscularis mucosae; this connegtive tissue was comprised of thin, 
loosely arranged collagen fibers (Fig. 14). 

In animals older than 4 months there were various degrees of fibrosis that 
correlated roughly with the ages of the animals. This change was well developed in 
all animals that were 2 years old. The degrees of fibrosis in the stomachs of the 
rats in the various age groups are illustrated in a graph ( Fig. 2). 

The earliest significant change appeared as a slight increase in the thickness of 
the connective tissue in the region of the base of the gastric glands (Fig. 1B). This 


From Kettering Laboratory, Department of Preventive Medicine and Industrial Health, 
University of Cincinnati College of Medicine. 

1. Ivy, A. C.: Digestive System, in Cowdry, E. V.: Problems of Aging: Biological and 
Medical Aspects, Ed. 2, Baitimore, Williams & Wilkins Company, 1942, pp. 254-301. 

2. The rats were fed purina® fox chow, obtained from Rockland Farms, Rockland, N. Y. 
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Fig. 1.4, stomach from normal rat; the arrow points to muscularis mucosae. B, minimal 
gastric fibrosis in rat 7 months old; the arrow indicates muscularis mucosae. Hematoxylin and 
eosin stain, & 160 


NUMBER OF RATS 


9-16 
AGE IN MONTHS 


Fig. 2.--Graph showing the degrees of gastric fibrosis correlated with the ages of the animals. 
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fibrous tissue formed a fairly well defined layer that was in intimate contact with the 
luminal surface of the muscularis mucosae. Moderately increased fibrosis in this 
area was graded as 1+ change. This degree of change was seen in 10 rats that were 
7 months old, and in this group the gastric mucosa and submucosa were extensively 
infiltrated by polymorphonuclear eosinophilic leucocytes. Similar associated features 
of inflammation were rare in other animals of the series, and it is possible that a 
transient phase of gastritis may appear early in the development of the fibrosis. 
Chronic inflammation was not present in the stomachs that were the site of advanced 
fibrosis. 


Fig. 3.—Advanced gastric fibrosis in a rat 2 years old. Hematoxylin and cosin stain; x 100. 


In some animals there was a more pronounced increase in the thickness of the 
fibrous layers as compared with the slight change that has been described, and the 
Masson stain of stomachs showing this degree of fibrosis revealed small focal areas 
of fibrous replacement in the muscularis mucosae. 


The most advanced changes were found only in the animals that were killed at 
the end of the two-year feeding experiment, and appeared as pronounced fibrosis 
of the mucosa, encroaching on and replacing the glandular tissue in the deeper part 
of the glandular area. As much as one-third of the glandular layer was replaced 
by dense collagen in some stomachs. The deep parts of some of the glands showed 
atrophic changes, cystic dilatation, and thinning of the epithelial cells. In these 


: 
7 
4 


200) A. M. A. ARCHIVES OF PATHOLOGY 


stomachs there was subtotal or complete replacement of the muscularis mucosae 
with dense fibrous tissue. The connective tissue in the muscularis mucosae and in 
the mucosa itself tended to be relatively acellular and much of it was hyalinized 
(Fig. 3). 

There were changes in the blood vessels in the fibrotic areas in stomachs show- 
ing all degrees of fibrosis. These changes did not appear to be primary in the vessels 
but occurred only in vessels that were surrounded by dense fibrous tissue, as though 
the proliferating connective tissue had encroached on the vessels (Fig. 4). 


Fig. 4.—Gastric mucosa of a rat 2 years old, showing dense fibrous tissue surrounding blood 
vessels. Hematoxylin and eosin stain; x 320, 


Examination of several human stomachs, from persons who died in the eighth or 
ninth decade of life, revealed the presence of slight fibrosis of the deeper portions 
of the mucosa in a few of the specimens. In no instance were these changes as well 
developed as those in rats that had gastric fibrosis of even moderate severity. 


COMMENT 

We have been unable to find any reference to senile fibrosis observed in the wall 
of the stomach of the rat, and since the lesion is so apparent microscopically, it 
seems likely that it has been observed by others, who failed to appreciate its signif- 
icance or to record its occurrence. The increasing interest in geriatrics, correlating 
with the increasing mean age of our population, has suggested to us the advisability 
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of bringing this condition to the attention of persons who might be interested in 
research on the processes of aging. ‘ 

Ham* has stated that the ratio of amorphous to fibrous intercellular substance 
diminishes throughout life and that aging may be correlated with this increase in 
the quantity of fibrous intercellular substance. The changes observed in the stom- 
achs of these rats are certainly not limited to conversion of amorphous intercellular 
substance to fibrous intercellular substance ; there is, in addition, a marked increase 
in the amount of intercellular substance in the mucosa and muscularis mucosae. 


SUMMARY 


Fibrosis of the basal region of the mucosa and muscularis mucosae of the stom- 
ach of the albino rat is described. 

The fibrosis tends to be progressive, beginning at approximately 5 months of 
age and becoming extensive and hyaiinized in the senile period. 

This progressive fibrosis is interpreted as being a part of the aging process of 
rats. 


3. Ham, A.: Histology, Philadelphia, J. B. Lippincott Company, 1950, p. 87. 
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EXTRAMEDULLARY LESIONS IN MULTIPLE MYELOMA 
Review of Literature and Pathologic Studies 
DANIEL W. HAYES, M.D. 


WARREN A. BENNETT, M.D. 
AND 
FRANK J. HECK, M.D. 
ROCHESTER, MINN. 


CAREFUL review of the literature of multiple myeloma will be presented 

and compared with the pathologic observations in 38 cases of multiple mye- 
loma in which necropsy was performed. The problems to be emphasized in the 
discussions include the occurrence and frequency of extramedullary lesions, the 
organs and tissues involved, the gross and microscopic details of the lesions, and 
the hypotheses as to the pathogenesis of extramedullary involvement. This study 
was undertaken in order to define more clearly the lesions of multiple myeloma 
occurring outside the bone marrow, as reported in the literature and also as they 
were present in necropsy material at the Mayo Clinic. 


REVIEW OF LITERATURE 

Dalrymple,’ Bence Jones,’ and Macintyre * each described various aspects of 
the disease then called “mollities ossium’’ which had been seen in a patient of Dr. 
Macintyre’s in 1845. 

In 1900 Wright * recognized that myeloma could invade neighboring tissues, but 
he felt that it probably never formed metastatic growths. Snapper ® recently said 
that there were proliferations of plasmacytes in practically every case. 

The first case of extramedullary involvement reported is said by Churg and 
Gordon * to have been Arnold's second case of myeloma, in 1873,’ with metastases 


Dr. Hayes is Fellow in Medicine, Mayo Foundation, University of Minnesota. 


From the Section on Pathologic Anatomy (Dr. Bennett) and the Division of Medicine 
(Dr. Heck), The Mayo Clinic 


This article represents an abridgement of a thesis submitted by Dr. Hayes to the Faculty 
of the Graduate School of the University of Minnesota in partial fulfilment of the requirements 
for the degree of Master of Science in Medicine. 

1. Dalrymple, J.: Dublin Quart. J. M. Sc. 2:85, 1846. 

2. Bence Jones, Henry, IIT: Phil. Tr. Roy. Soc. London 138 (pt. 1) :55, 1848. 

3. Macintyre, W.: Tr. Roy. Med.-Chir. Soc. London 33:211, 1850. 

4. Wright, J. H.: Johns Hopkins Hosp. Rep. 9:359, 1900. 


5. Snapper, I.: Medical Clinics on Bone Diseases: A Text and Atlas, Ed. 2, New York, 
Interscience Publishers, Inc., 1949, pp. 233-267. 


6. Churg, J., and Gordon, A. J.: Arch. Path. 34:546, 1942. 
7. Arnold, J Arch. path. Anat. §7:297, 1873. 
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m internal organs, the spleen, the liver, and lymph nodes. Kudrewetzky’s* case 
is probably the first unquestioned case of multiple myeloma that spread to other 
organs, since Arnold’s case has been doubted by others. : 

There are two main hypotheses as to the pathogenesis of the extramedullary 
lesions of multiple myeloma, the hypothesis of autochthonous growth ® and that of 
direct transmission of myeloma cells. It has been postulated '’ that since hemato- 
poiesis could occur outside the bone marrow, proliferations of myeloma cells could 
also occur in situ. Geschickter and Copeland "' found that blood vessels of the 
marrow contained myeloma cells, and thought that this spreading of cells through 
the blood vessels was the means of extramedullary implantation and metastasis. 


incidence of extraomedutiory lesions 
(wtereture) 


Orgons | Number involved | 
°© 0 20 30 40 $0 60 70 80 90 100 110 120 


Lympn node 
Kidney 
Lung 
Heart 
Poncreas 
Retroperitonea! 
tissue 
Adrenal 
Testis 
intestine 
Skin 
Stomoch 
Pleura 
Loryns 
Tonsil 
Peritoneum 
Uterus 
Ovory 
Seminal vesicie 
Trochee 
Pheryns 
Muscles 
Prostote 
Ureter 
Thyroid 
Goliblodder 
Blodder 
Omentum 
Mesentery 


Fig. 1.—Incidence of extramedullary lesions in cases reported in the literature. 


The accompanying table shows that up to the end of 1950 there were reports of 
182 cases '* of multiple myeloma with extramedullary involvement in the world 


8. Kudrewetzky, B.: Ztschr. Heilk. 13:300, 1892. 

9. Lubarsch, O.: Arch. path. Anat. 184:213, 1906. 

10. (a) Borst, M.: Echte Geschwilste, in Aschoff, L.: Pathologische Anatomie: Fin 
Lehbruch fiir Studierende und Arzte, Jena, Gustav Fischer, 1928, Vol. I, p. 736. (b) Gordon, 
A. J., and Churg, J.: New York J. Med. 49:282, 1949. (c) Greenberg, R. C., and 
Frosch, H. L.: West Virginia M. J. 38:340, 1942. 

11. Geschickter, C. F., and Copeland, M. M.: Arch. Surg. 16:807, 1928. 

12. The actual number of such cases is probably higher, but the lack of complete data on 
the number of cases involved in one article (Breitenbucher and Hertzog: Minnesota Med. 32: 
986, 1949) precludes any higher figure. 
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literature. In a majority of these cases myeloma cells were present in more than one 
organ or tissue outside the marrow. The organs and tissues in which extramedul- 
lary lesions occurred are listed in the order of frequency of involvement in Figure 1. 

The organs which have the greatest aumber of reticuloendothelial elements nor- 
mally present (liver, spleen, lymph nodes, and kidneys) are the ones most likely 
to contain myeloma cells.’* The liver and the spleen were involved in a nearly 
equal number of cases, while the lymph nodes and the kidneys were involved in 
fewer cases than were the liver and the spleen. The remaining organs of the body 
showed much less frequent invasion. 


CYTOLOGIC ASPECTS OF MYELOMA CELLS 


Myeloma cells are thought to be immature plasmacytes. Most writers agree at 
present that the myeloma cell is derived from the reticuloendothelial cell '* (his- 
tiocyte).'° Brewer '* recognized three types of myeloma cells: the blast form, the 
typical myeloma cell, and multinucleated forms. 

Little cytologic detail has been reported in relation to the presence of extra- 
medullary involvement. Mitotic figures have been observed in cases with infiltra- 
tion of other organs.'’ Binucleated cells were also seen,'* and young forms ‘* and 
immature cells °° were mentioned in this regard. Lumb and Prossor ' estimated 
microscopic evidence of the malignancy of plasmacytomas by the degree of variation 
in cell type, the frequency of mitotic figures, and the evidence of local invasiveness. 
Their cases showed that these features were more marked in cases with multiplicity 
of lesions than in those without extramedullary lesions. 

Bayrd *' said that the myeloma cell could be roughly classified as to relative 
malignancy on the basis of cellular mOrphologic characters. He graded myelomas 
on the basis of 1 to 3 (1 being the least malignant.and 3 being the most malignant). 


PURPOSE OF THE STUDY 


The cases of multiple myeloma at the Mayo Clinic in which necropsy had been 
performed have been reviewed with the purpose of determining what extramedullary 
lesions were present and in what numbers they were found. It is hoped that a care- 
ful analysis of the data on these cases, correlation of the cytologic features of the 
microscopic picture, and a final comparison of our findings and those reported in 


the literature will lead to a further understanding of the disease. 


13. Breitenbucher, R. B., and Hertzog, A. J.: Minnesota Med. 32:986, 1949. 

14. Bayard, E. D., and Heck, F. J.: J. A. M. A. 188:147, 1947. Ghormley, R. K.; Pollock, 

\.; Hall, B. E., and Beizer, L. H.: Surg., Gynec. & Obst. 74:242, 1942. 

15. Lowenhaupt, E.: Am. J. Path. 28:171, 1945. 

16. Brewer, A. E.: Brit. M. J. 2:978, 1948. 

17. (a) Cappell, D. F.: J. Path. & Bact. 32:293, 1929. (b) Gordon, H., and Schneider, B.: 
Internat. Clin. n.s. 3:173, 1940. (¢) Lumb, G., and Prossor, T. M.: J. Bone & Joint Surg. 30B: 
124, 1948. 

18. (a) Hoffmann, R.: Beitr. path. Anat. 35:317, 1904. (6) Townsend, E. M.: Mil. 
Surgeon 63:48, 1928. (c) Churg and Gordon.* (d) Gordon and Schneider.17» 

19. Reiter, B. R., and Freeman, J. T.: Am. J. M. Sc. 198:38, 1937. 

20. Case Records of Massachusetts General Hospital: New England J. Med. 224:559, 1941. 

21. Bayrd, E. D.: Blood 3:987, 1948. 
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Summary ae Cases of Myeloma in Which Extramedullary Lesions Were Reported 


Year of 
Publi- 
Authors eation Cases 


Kudrewetuky * 
Herrick, J. B., and Hektoen, L.: a News 65: 239 
Weber, F. P.: J. Path. & Bact. 5: 
Askanazy, S.: Deutsehes Arch. klin. = 
Foa, P.: Folia haemat. 1: 166..... 
Hoffmann .. 
Scheele and Herxheimer: Ztsehr. klin. Med. 
Aschoff, L.: Miinchen. med. Wehnsechr. 53: 3 
Gluzinski, A., and Reichenstein, M.: Wien. Wehneechr. 19: 336 
Luckseh, F Folia haemat. 3: 325 
Charles, J. R., and Sanguinetti, H. H.: 
Maresch, R.: Verhandl. deutsch. path. 
Ghon, A., and Roman, B.: Folia haemat 
Shennan, T.: Edinburgh M. J. 10: 321 and 414 
Sehiitz, H.: Deutsehes Arch. klin. Med 
Mieremet, C. W. G.: Arch. path fest, 219: 1.. 
Pepper, O. H. P., and Pearce, R. M - =. Research 37: 171 
Symmers, D.: Ann. Surg. 67: 687 ecasecevenes 
k, H. G., and MeCleary, 8 M. 
LeWald, L. T.: Am. J Roentgenol 6: 4s 
Morse, P. F.: J. Cancer Res. §:5 
Léblein, M.: Beitr. path. Anat 
Walkey, A. E.: Canad. M. A. J. 13: 
Wood, A. C., and Lucké, B.: Ann. 78: 14 
Piney, A.: Folia haemat. 38: 173 
Moore, S.: Radiology 18 
Paul, J. R., and Funk, E. H.: M. Clin. N. America 1@: 85. 
Chariton, T. J.; Areh. Int Med. 
Nicholls, A. G M.A. J. 
Barr, D. P.: 
Townsend, E. 
Cappell, D. F.'**. 
Hallermann, W.: Deutsches Arch. klin. Med. 165: 
Burnett, ©. T., and Johnson, W. C.: Deere Med. 27: 178 
Perla, D., and Hutner, L.: Am. J. Path. 
Jackson, H.; Parker, F., and Bethea, J M. J. M. Se. 181: 169... 
Muller, G. L., and MeNaughton, E.: Folia haemat @:17.... 
Piney, A., and Riach, J. 8.: Folia baemat. 6:0 
Case Records of Mass. Gen. Hosp.: 
! : Canad. M A, J. 
Am. J. Path. 9: 
Stanton, F. M., and Oliver, M.: Am. J. Cancer 17: 
Case Records of Mass. Gen Hosp.: New England J. Med. oma 
Denker, P. G., and Brock, 8.: Brain 57: 291....... 
Osgood, E. E., and Hunter, W. C.: Folia haemat. $2: 360.. 
Polloek, F J: Arch. Otolaryng. 19: 311 
Case Records of Mass. Gen. Hosp.: New England J. Med. 242: 28 
(ase Records of Mass. Gen. England J. Med. 213: 
Foord, A. G.. Ann. Int. Med. 
Foord, A. G., and Randall, L 
Carlson, G. D.: Texas J. Med 
Case Records of Mass. Gen. Hosp.: i. England J. Med. 215: 1133 
Fleischhacker, H., and Klima, R.: Folia haemat. 56:5 
Gesehickter, C. F., and ¢ ‘opeland, M. M.: Tumors of Bone (Including the ws 
and Joints), Ed. 2, New York, The American Journal of Cancer, 1936, pp. 441-488 
Jores, A., and Bruns, W.: Folia haemat. 55 
Patek, A J., Jr., and Castle, W. B.; Am. J. M. 
Case Records of Mass. Gen. Hosp.: New England J. Med. W 
Mills, E. 8., and Pritehard, J. E.: Areh. Int. Med. 6@: 1069.. 
Reiter, B R., and Freeman, J. T° 
Carlisle, V.: South Afriean J. 
Gunn, F. D., and Mahle, A. E.: 
Nielsen, H. E.: Hospitalstid. I: 
Ringertz, N.: Acta oto-laryng. 27: 234 
Rosenthal, N., and Vogel, P.: J. 
Stewart, A.. and Weber, F. P.: Quart. J. Med., ns. PP ni. 
Batts, M., Jr.** 
Lachnit, V., and L.: Wien. klin. $2: 67 
Lemaire, A.; Ubry, 
hdép. Paris 55: 
Sasaki, K.: Gann 33: 171 
Suarez, R. M.: M. Bull. Vet. Admin. = 297 
Ulrich, H.: Arch. Int. Med. 
Gordon, H., and Schneider, 
Donhauser, J. L., and de Rouville, W. H.: Arch. Surg. 
Keilhack, H., and Linck, K.: Arch. klin. Med. 188: 88 
Lindeboom, G. A., and Mulder, 
H.: 
Askanazy, M., and Dubois-Ferriére, H.:; Helvet. med. acta (supp.) 9: 427.. 
Churg, J., and Gordon, A. J.*......... 
Greenberg, R. C., and Frosch, H. L.* 
Brass, K.: Frankfurt. Ztsehr. Path. 57: 367 
Hansen, A. T.; Acta med. seandinay. 115: 514 
Pearson, B.; Stark, E., and Kepl, A Arch. Path. 36: 32i.. 
Sehindler, J. A.: Ann. Int. Med. . 


¥ - 
1900 
1904 
1904 
1904 
1906 
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1907 
1913 
1913 
1914 
an 1915 
‘ 1917 
1918 
: 
1919 
1921 
1923 
1923 
194 
: 1925 
1926 
1927 
1927 
1928 2 
1988 
Teast) 
1930 
1930 
1981 
1981 
1931 
1932 
1983 
1983 Ag 
1984 
1934 
1985 
1985 
1935 
1486, i 
1936 
1936, 
3 
a 1936 
1996 § 
1987 ' 
3 1987 
1987 
1988 ig 
1488 
198s 
1988 
1989 
1939 1 
1939 1 
1939 1 
1989 1 
1940 1 
1941 3 
1941 1 
1941 1 
1941 1 
1942 1 
1942 1 
1942 2 a 
182-183 38 
1943 1 
1943 1 
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Summary of Cases of Myeloma in Which Extramedullary Lesions Were Reported—C ontinued 


Year of 
Publi- 
Authors cation Cases 


Toth, B. J., and Wintermantel, J. A.: Radiology 41: 472 . ‘ 1943 
Marchal, G., and Mallet, Sang 16: ‘ 1944-1945 
Marchal, Mallet, I Lotte, L., and Davy, M.: 8 1944-1945 
Blumberg, N., and Fischbach, M. W.: M 158: 1945 
Bee, J Acta med. seandinay. (23: 101.... 
M.: Halpern, J., and Ogden, F. N.: Ann. Int. Med. 22: 
K., and Jacobsen, B. U.S. Nav. M. Bull. 45: 957 
Armstrong, E.; Faulds, J. S., and Stewart, M. J.: J. Path. & Bact. $8: 243 
L. A., and Herbut, P. Am. J. Clin. Path. (6: 1.. 
Herbut, P. A., and Erf, L. A.: Am. J. Clin. Path. 16: 13 
Moss, W. T., and Ackerman, L Blood t: 3% 
Aegerter, E., and Robbins, R.: J J. M. Se. 203: 2 
Lichtenstein, L., and Jaffe, H. L 
Taylor, ©. Am. J. Clin. Path, 17: 22 
Hrewer, A. E.'* es 
Fréiander-Ulf, A. T.: Nord. med. 37; 121 
Lumb, G., and T. M.** 
Stark, E., and Amidon, L.: Arch. Path. 153 
HKreitenbucher, R. B., and Hertzog, A. 
Gordon, A. J., and Churg, 
Lawrence, J. H., and Rosenthal, R. L.: Am. J. M. Se. 208: 149 
Neumann, V. J. Path. & Bact. 61: 165 
Propp, 8.; Gorham, L. W., and Kantor, 8.: Blood 4: % 
Brownell, E. G.: Canad A. J. @: 157. 
(Churg, J.. and Gordon, / 


w 


* No count of the total number of eases is given. At least 10 cases were involved, probably more. 
Cases listed In in Churg and Gordon ** (19%) 


METHODS 


In the last 26 years 38 cases of multiple myeloma have been examined at the clinic. The 
criteria used in selecting cases for this report and in tabulating the cases recorded in the lit 
erature were as follows: (1) A complete necropsy had been performed, (2) myeloma cells 
had been found in the bone marrow, and (3) extramedullary lesions had contained cells similar 
to those in the bone marrow. Involvement due to direct extension of an osseous lesion was not 
considered extramedullary involvement. 

For comparison a group of 32 control cases was also studied. This group was not selected 
except that the age and sex distribution was approximately the same as in the myeloma cases. 
Otherwise the cases were chosen in successive order as routine cases in which necropsy had been 
performed and in which the patients had died of various causes during the period from Jan., 1949, 
through June, 1949. It was necessary to determine whether cells similar to myeloma cells might 
appear in patients of the same ages dying of other diseases. 


RESULTS 

OF the 38 cases of myeloma studied, 27 (71%) were found to involve extra- 
medullary lesions. These lesions were found in the organs listed in Figure 2. In 
15 cases more than one organ was involved, in the remaining 12 cases only a single 
organ revealed extramedullary involvement. 

Gross Changes.—In about half (14) of the cases with extramedullary involve- 
ment changes suggesting these lesions were found on gross examination of the 
organs. Grossly visible tumor tissue, scattered as focal nodules or concentrated in 
one tumor mass, was found in four of these cases. In the remaining 10 cases 
enlargement of organs was a nonspecific sign of the presence of microscopic lesions. 

Microscopie Changes.—All gradations of microscopic appearance of lesions were 
seen, from a few nodules of myeloma cells to massive replacement and destruction 
of normal structure. Reticulum stains did not show any relation between the 
myeloma cells and surrounding reticulum fibers (Fig. 3). 
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Spleen: The lesions of the spleen showed the myeloma cells in the red pulp. 
The cells were most frequently found in the sinusoidal spaces (Fig. 4) ; others were 
free in the lumen or attached to the wall. In a few cases the cells were present in 
the connective tissue between the sinusoids. In all but four cases the malpighian 


incidence of extromeduliary lesions 
(coses reported) 


Organs Number imvolved 

6 


| Spleen 


Lympnr node 
Lower 
Kidney 
Lung 

Gt treet 
Poncreos 
Adrenal 


Biodder 


Fig. 2.—Incidence of extramedullary lesions in the cases on which this paper is based. 


Fig. 3.—Myeloma cells as shown in the liver with a reticulum stain. Cells are not an integral 
part of the reticulum. Gomori reticulum stain; x 390. 


corpuscles were preserved, although they were decreased in size and in number in 
the spleens diffusely involved. Complete replacement of normal splenic tissue 
occurred in four cases. 

Lymph Nodes: In six cases the lymph nodes showed involvement throughout 
the node, with complete disappearance of normal structure. In the remaining 8 
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cases the involvement occurred to a lesser degree. The cells were found in the 
medullary portions of the node, scattered irregularly or grouped as focal nodules. 

Liver: The myeloma cells were found in the sinusoids of the midzone or the 
central region of the hepatic lobule in six cases. In four cases they were present in 
the portal regions with or without involvement of adjacent periportal sinusoids 


Fig. 4.-Myeloma cells in sinusoids of the spleen. Some appear to be arising directly from 
the endothelium of the sinusoids. Hematoxylin and eosin; x 390. 


Fig. 5.—Portal region of the liver infiltrated by myeloma cells. Hematoxylin and eosin ; 
150, 


(Fig. 5). When the cells were found in great numbers, the sinusoids were dilated 
and in one case the hepatic cells of the adjacent cords showed atrophic changes. 
Large nodules completely replacing hepatic tissue were also seen. The cells appeared 
to be free in the sinusoid in all but one case. In this case many cells apparently 
were attached or closely adherent to the wall of the sinusoid. 
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Kidneys: In three cases myeloma cells were found in the cortex in one or both 
kidneys. These myeloma cells were infiltrating the interstitial tissue about the 
glomeruli and tubules. In one case a large nodule of myeloma cells replaced the 
normal renal structure ( Fig. 6). 


Fig. 6.—Renal tissue being compressed by invasion of myeloma cells. Hematoxylin and 
eosin; & 130. 


Fig. 7.—Large pleural nodule with compression of lung. Hematoxylin and eosin; x 29. 


Infiltrations of plasmacytes due to inflammatory reactions in the cortex were 
often difficult to distinguish from myelomatous lesions. This study was not con- 
cerned with lesions of the so-called myeloma kidney. 

Other Organs: The extramedullary lesions of other organs were found in one 
case each. These will be only briefly discussed. 
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The lesion of the lung ( Fig. 7) consisted of a large mass of tumor invading and 
compressing the lung at the pleura without evidence that it had extended from 
the rib. Similar nodules were found in the cecum, the bladder, and the diaphragm 
in the same case. 

A large mass of tumor was found in the pancreas of another patient (Fig. 8). 
Pathologic examination of a cutaneous nodule removed during life revealed cells 
identical with those found at necropsy. A small nodule of myeloma cells was present 
in the medulla of one adrenal. The testis showed infiltration of myeloma cells 
between the tubules in the interstitial spaces. 

Degree of Malignancy._-An attempt was made to estimate the degree of malig- 
nancy of the myelomatous process in each case on the basis of invasiveness, mitosis, 
variation in cell type, and anaplasia. In all the cases in which the lesions appeared 


Fig. &8——-Pancreatic lesion surrounding remaining acinus. Hematoxylin and eosin; x 380. 


most malignant there was extramedullary involvement, but no further relation of the 
degree of malignancy to extraosseous lesions was found. 

Control Series.—I\n 2 of the 32 control cases, groups of cells were found in the 
spleen which could not be distinguished microscopically from myeloma cells. They 
did not appear to be mature plasmacytes. Both patients were elderly women; 1 had 
died of metastatic carcinoma from the body of the uterus, and the other had died of 


bronchopneumonia and a cerebral infarct. 


COM MENT 


The results in this detailed study of 38 cases of multiple myeloma in which 


necropsy had been performed serve to reemphasize certain aspects of the disease 
which, though recognized as early as 1892," have not received much attention until 
the last 10 years. 

Most of the cases in the literature of multiple myeloma in which necropsy had 
been performed and in which extramedullary lesions were found have been listed in 
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the table. There is no way to determine the total incidence of these lesions of soft 
tissue from the literature. Churg and Gordon * found that in 73% of their cases 
of myeloma there was extramedullary involvement. This figure is almost identical 
with our 71%. Lowenhaupt '* found extramedullary lesions in all of her cases, 
Batts ** found extramedullary lesions in slightly more than 50% of his cases, and 
Lichtenstein and Jaffe ** found extramedullary lesions in 2 of 18 cases in which 
necropsy was performed. 

The distribution of the organs involved by myeloma in this study was comparable 
with the summarized findings in the literature. Gordon and Churg '®” stated that 
the organs afflicted with extramedullary lesions were the lymph nodes, the liver, and 
the spleen, usually all of them in a single case. Lowenhaupt * found most of the 
lesions in the spleen and lymph nodes, with three cases in which there was hepatic 
involvement. Breitenbucher and Hertzog '* recently reported 75 cases of myeloma 
in which necropsy had been performed. They showed that the liver and the spleen 
were frequently involved, but they did not give exact figures for extramedullary 
involvement. Only 10 of their cases have been included in our table for that reason. 


In some cases in the literature gross lesions were obvious and unmistakable. 
However, in many cases with microscopic involvement no gross change could be 
noted. Enlargement of the organ often was the only gross abnormality, but this 
: change is not reliable. 


The location of the cell growth in single organs in our cases was comparable 
with the location in those reported in the literature. In the spleen, for instance, 
Lowenhaupt '* described lesions, most frequently in the sinusoids, which appeared 
almost exactly as the lesions did in the spleens in our cases. The hepatic involvement 
reported by most writers was similar in that the cells appeared most often in the 
sinusoids and less often in the portal spaces. Involvement of lymph nodes had been 
reported as massive or as present in the medulla and interfollicular regions,’ and 
the observations presented here now confirm those reports. 


Bayrd *' found some correlation between degree of malignancy of the myeloma 
cells as seen on aspiration of sternal marrow and the length of life of the patient. We 
could not find any similar relationship in studying the fixed sections in our cases, 
nor could we predict accurately the probable presence of extramedullary lesions on 


It is difficult to make any statement about the origin of extramedulllary lesions 
that can be proved from this study. On reviewing the literature it becomes apparent 
that discussion still prevails on the problem of metastasis of myeloma by autoch- 
thonous growth or by direct spread. Since the myeloma cell seems to arise from 
the reticuloendothelial cell, it would seem likely that the extramedullary lesions in 
organs containing much reticuloendothelial tissue arise from this tissue and not by 
metastasis. However, not all lesions can be explained on this basis. Since it is 
known that in plasmacyte leukemia myeloma plasmacytes circulate in the blood and 
since this type of cell has many aspects of being a malignant cell, perhaps its growth 
in regions where there is little reticuloendothelial tissue is best explained by direct 
metastasis. It has been said that malignant cells tend to grow fastest and best in 


22. Churg, J., and Gordon, A. J.: Am. J. Clin. Path. 20:934, 1950. 
23. Batts, M., Jr.: Arch. Surg. 39:807, 1939. 
24. Lichtenstein, L., and Jaffe, H. L.: Arch. Path. 44:207, 1947. 


the basis of the grade of malignancy. i 
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regions which are most like their place of origin. Perhaps the predominance of 
lesions in the reticuloendothelial system of organs may be explained on this basis. 
In any event, from the observation of myeloma cells arising directly from the endo- 
thelium of the splenic sinusoids and from other similar observations, it seems that 
autochthonous growth in extramedullary locations is probably the best explanation 
of the origin of extramedullary lesions of multiple myeloma. 


SUMMARY 


\ review of the literature on multiple myeloma discloses that 182 cases ** have 
been reported in which there were lesions outside the bone marrow. These lesions 
were found most frequently in the liver, the spleen, the lymph nodes, and the 
kidneys, and often more than one organ and tissue were involved in the same case. 
Almost every organ and tissue in the body has been reported as being involved by 
myeloma cells. Hypotheses of metastasis and a discussion of the cellular mor- 
phology are also presented. 

The results of necropsies made in 38 cases of multiple myeloma and 32 control 
cases are presented. Extramedullary lesions were found in 27 cases of multiple 
myeloma (71% ). These were found mainly in the spleen, the lymph nodes, the liver, 
and the kidneys in the order mentioned. Gross evidence of extramedullary lesions 
was found in about half of the cases. There was little correlation between the degree 
of malignancy and the presence or absence of metastatic lesions. In two control 
cases cells similar to myeloma cells were found. 

The hypothesis of autochthonous growth is thought to represent the most 
plausible hypothesis as to the origin of extramedullary involvement that is now 
available. 
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VITAMIN-A ACCELERATION OF BONE GROWTH SEQUENCES 
IN HYPOPHYSECTOMIZED RATS 


S. BURT WOLBACH, M.D. 
AND 


CHARLOTTE L. MADDOCK, Ph.D, M.D. 
BOSTON 


HE PURPOSE of this study was to ascertain if the anterior pituitary is 
an intermediator in the production of the skeletal response to excessive adminis- 
tration of vitamin A. 

In the normal rat and other animals' the administration of greatly excessive 
amounts of vitamin A (250 to 1,250 1. U. per gram of weight) causes acceleration 
of epiphyseal cartilage cell growth and maturation and of the remodeling processes 
accompanying growth of bones, which include concurrent resorption of bone 
and new bone formation. In rats, mice, and guinea pigs the accelertaion of 
remodeling sequences may result in fracture of long bones. In the guinea pig the 


acceleration of epiphyseal cartilage sequences results in premature closure of the 
epiphyses. Inasmuch as hypervitaminosis A increases the rate of certain growth 
processes only in conformity with normal patterns of growth, its effect upon the 
skeleton has features suggestive of hormonal action and therefore of a primary 
influence upon an endocrine organ, most plausibly the anterior pituitary. 


THE EXPERIMENT 


Thirteen male rats, Sprague-Dawley strain, ranging in weight from 67 to 81 gm. were used. 
Eleven were hypophysectomized.2, Two were normal. Pituitary ablation had been at 28 days 
of age. Eight of the hypophysectomized rats and the two normal ones were selected for 
excessive vitamin-A administration, which was begun at 32 days of age. The remaining 3 hypo- 
physectomized rats were reserved for controls. Vitamin A was given orally at a dosage level 
of 1,000 I. U. per gram of body weight in the form of a high-potency concentrate * containing 
500,000 per gram. The rats were kept in individual cages with wire bottoms, in a well-venti- 


From the Division of Nutritional Research, Division of Laboratories and Research, The 
Children’s Hospital. 

This investigation was supported by research grants from The Nutrition Foundation and 
the Williams-Waterman Fund for the Combat of Dietary Diseases. 

1. (a) Wolbach, S. B.: Vitamin A Deficiency and Excess in Relation to Skeletal Growth, 
J. Bone & Joint. Surg. 29:171, 1947. (b) Maddock, C. L.; Wolbach, S. B., and Maddock, S. : 
Hypervitaminosis A in the Dog, J. Nutrition 39:117, 1949. (c) Wolbach, S. B., and Maddock, 
C. L.: Hypervitaminosis A: An Adjunct to Present Methods of Vitamin A Identification, 
Proc. Soc. Exper. Biol. & Med. 77:825, 1951. 

2. These were prepared by the Hormone Assay Laboratories, Inc., Chicago. 

3. The preparation used was made by Distillation Products, Inc. 


273 


4 

; 

| 7 

¥ 
= 


274 d M. A. ARCHIVES * PATHOLOGY 


lated, thermostatically controlled room. Water food were supplied ad libitum. The 
composition of the diet was as follows: 


(usein (vitamin. free) 
Dextrose 
Salt mixture 
Cat hs 
Peanut oil 
The salt mixture contained 
Grams 
MgO On 25.00 
MgSO. 16.00 
Natl. 69.00 
KCl 112.00 
FePO. 20.00 
0.08 
0.35 
0.08 
Ihe vitamin content per kilogram of tne diet was as tollows: vitamin A 30,000 I. U. 
and vitamin D 5,000 I. U. (both incorporated into the peanut oil) ; thiamine hydrochloride, 8 
mg.; pyridoxine hydrochloride, 8 mg.; riboflavin, 8 mg.; calcium pantothenate, 16 mg.; folic 
acid, 5 mg.; nicotinic acid, 25 mg.; paraaminobenzoic acid, 300 mg.; choline chloride, 750 mg. 


After death or killing of the rats, complete postmortem studies were made. The com- 
pleteness of the removal of the pituitary was grossly controlled by a careful examination of 
the sella turcica made with a dissecting microscope after removal of the brain. In every 
instance no remains of the pituitary could be found. 


Further evidence of successful removal of the pituitary was obtained from a frozen section 
of one adrenal from each rat after formalin fixation and staining for lipoids with scarlet red. 
In every instance the adrenal cortex showed the zone of lipoid depletion described as a specific 
effect of hypophysectomy in the rat* and generally so accepted.® 

The three untreated hypophysectomized rats killed nine days after operation as controls 
for the longest survival of those which received excessive amounts of vitamin A_ likewise 
served to attest the completeness of pituitary ablation by exhibiting, on histological examina- 
tion, the characteristic changes in the testes ® and in the epiphyseal cartilage of the distal ends 
of the femurs and the proximal ends of the tibias.*? All the vitamin-A-treated hypophysectomized 
rats showed atrophy and degeneration of the tubules of the testes and also epiphyseal cartilage 
changes which were different from those of hypophysectomy alone and from those of hyper- 
vitamimosis A in rats that had not been operated on. 

4. Reiss, M.; Balint, J.; Oestreicher, F.. and Aronson, V.: Zur morphogenetischen 


Wirkung und biologischen Eichung des Kortikotropen Wirkstoffes, Endokrinologie 18:1, 
1936. 


5. Li, C. H., and Evans, H. M.: The Properties of the Growth and Adrenocortico- 
tropic Hormones, in Harris, R. S., and Thimann, K. V., editors: Vitamins and Hormones: 
Advances in Research and Applications, Vol. 5, New York, Academic Press, Inc., 1947, p. 197. 


6. Crooke, A. C., and Gilmour, J. R \ Description of the Effect of Hypophysectomy on 
the Growing Rat, with the Resulting Histological Changes in the Adrenal and Thyroid Glands 
and the Testicles, J. Path. Bact. 47:525, 1938, 

7. (a) Becks, H.; Simpson, M. E., and Evans, H. M.: Ossification of the Proximal Tibial 
Epiphysis in the Rat: Il. Changes in Females at Progressively Longer Intervals Following 
Hypophysectomy, Anat. Rec. 92:121, 1945. (b) Asling, C. W.; Walker, D. G.; Simpson, 
M. E., and Evans, H. M.: Differences in the Skeletal Development Attained by 60 Day Old 


Female Rats Hypophysectomized at Ages Varying from 6 to 28 Days, Anat. Rec. 106:55, 
1950. Li and Evans.® 
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RESULTS 

The hypophysectomized rats succumbed rapidly to the “toxic” effect of the 
vitamin-A treatment. None survived beyond the fifth day of the vitamin-A 
treatment. 

The gross results clearly proved that the pituitary hormones are not necessary 
for the skeletal responses to hypervitaminosis A. They also indicated that the 
responsiveness to excess vitamin A was greater than that of intact rats, in regard 
both to the skeletal effect and to the metabolic (“toxic”) effect as shown by earlier 
occurrence of fractures and earlier death. In our extensive experience with hyper- 
vitaminosis A in rats of approximately the same age and dosage, fractures occurring 
before the fifth day were very rare, and death before the end of the second week was 
unusual. 

HISTOLOGICAL STUDIES * 


For studies of bone, sagittal-plane sections of the knee joint including one-half 
or more of the lengths of the femur and the tibia were used. 


Experimental Data 


Total Amt. of 
Vitamin Initial Weight 

Hypophy A Given, Weight, Change, Days of Manner 
sectomy LU Gm Gm Fractures Survival of Death 
3 Died 
Moribund, killed 
Died 
Died 
Moribund, killed 
Died 
Died 
Died 
Killed 
Killed 
Killed 
Killed 
Killed 


225,000 
206,000 
235,000 
240,000 
300,000 
855,000 
370,000 
340,000 


set = 
t+ t+ t+ 


3&4) 000 
26,000 


* Longitudinal histologic sections of the leg bones showed that fractures were imminent 


All three hypophysectomized, nontreated rats killed on the fifth day of the 
experiment (nine days after hypophysectomy ) hagl identical changes in the epiphys- 
eal cartilages (tibia and femur) characteristic of the effect of hypophysectomy in 
rats * and corresponded closely to those described by Becks and associates ™ for the 
eighth day following operation. We summarize these changes as pronounced retar- 
dation of the multiplication, growth, and maturation of the epiphyseal cartilage cells 
with consequent diminution of the thickness of the cartilage plate owing to the 
decrease in size and number of the cells and a very great reduction in the numbers 
of capillaries penetrating from the diaphyseal side. Multinucleated giant cells on the 


diaphyseal border of the epiphyseal cartilages (osteoclasts or chondroclasts), in 
contrast to the normal, are conspicuous because of numbers. Osteoblasts, grouped 


8. Zenker's fixative was used routinely for bones and soft tissues. One adrenal from each 
animal was preserved in 10% formalin for frozen sectioning and scarlet red staining. The 
bones were decalcified in 5% aqueous nitric acid, embedded in celloidin, and stained with hema- 
toxylin and eosin. Mallory’s methylene blue and eosin technic, after paraffin embedding, was 
used for all soft tissues. 
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about capillaries, are present in normal numbers. Remodeling sequences in our 
preparations were reduced in activity as estimated by persistence of bone and reduc- 
tion in numbers of osteoclasts in regions where, in normal growth, resorption of bone 
is most active. In general, the effects of hypophysectomy upon the epiphyseal carti- 
lage of young rats are similar to those of aging, severe inanition, and vitamin-A 
deficiency—the differences being mainly those of tempo." 

A brief recapitulation of the effects of hypervitaminosis A upon the growth of 
bones of young normal rats is necessary before describing the effects upon hypophy- 
sectomized rats. Dosages of vitamin A of the same order used in the present 
experiment result in an increase of rate of epiphyseal cartilage cell sequences result- 
ing in greater penetration of blood vessels because of rapidity of rate of maturation 
of the cells. The number of cells of the epiphyseal cartilage becomes reduced, the 
width of the cartilage plate usually becomes narrower, unless for a period of time 
the increased zone of enlarged cells maintains the width. The results are an increased 
rate of endochondral bone formation, an early temporary greater depth of calcified 
cartilage trabeculae, and an increase in remodeling processes—the last prominently 
displayed by abundant newly formed deposits of endosteal bone and great resorption 
of peripheral bone in conformity to normal growth patterns, both in location and in 
relative degree. The great increase in the numbers of osteoclasts applied to bone 
trabeculae of the primary spongiosa and to cortical bone of periosteal origin and the 
distinctive appearance of recently deposited endosteal bone which have been 
described in previous publications '** make recognition of the excessive vitamin-A 
response easy. Fractures resulting from the acceleration of remodeling processes 
occur as early as the fifth day and were present in both of our control nonhypophy- 
sectomized rats of this series. 

In all of the hypophysectomized rats which received excess vitamin A there were 
epiphyseal cartilage changes indicative of accelerated growth and maturation and of 
excessive remodeling sequences. Our comparison of the effects observed in these 
and the nonhypophysectomized controls will be based on the five-day-survival rats. 
The outstanding difference was a smaller amount of new (endosteal) bone forma- 
tion in the hypophysectomized as compared with the nonhypophysectomized rats, 
though the amount was decidedly much greater than that in normal rats of the same 
age. Bone resorption attended by large numbers of osteoblasts was equal and 
perhaps greater than in the rats not operated on and explains the occurrence of 
fractures earlier (third day) than has been our experience in the past with many 
scores of rats on even larger doses (1,250 U. S. P. units per gram of weight). 
The lesser amount of new bone formation without doubt was in part responsible for 
the early fractures. 

After five days of vitamin-A treatment the epiphyseal cartilage of the rats 
showed wide variation in degree of a change or process, which we interpret as one 
in progress toward epiphyseal closure. All were greatly different from the non- 
treated hypophysectomized rats. The epiphyses of Rat 5, which showed the most 
advanced change (femur and tibia), were reduced to very narrow dimensions and 


were sealed off on the diaphyseal sides by wide, continuous layers of densely 
calcified cartilage matrix which preserved the structure resulting from the vascular 
invasion of a zone composed of several layers of matured cartilage cells. This 
sealing-off in extent corresponds to a much later (36-day) effect in hypophy- 
sectomized rats as described by Becks and associates.” 
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The narrow epiphyseal cartilage, of both bones, on the epiphyseal side of the 
layer of calcified cartilage matrix is composod chiefly of flattened cells and rarely 
contains short columns of crescentic or flattened cells, and accordingly presents a 
disorganized appearance. Numerous blood vessels have invaded the cartilage in 
places, from the diaphyseal side. Most are of capillary dimension. Occasional ones 
are larger, presenting as blood-filled pools lined with endothelium. The cessation 
of growth of the cartilage cells, the blood vessel invasion, and the calcified plate on 
the diaphyseal side give the picture of an early stage of epiphyseal closure. 

Less-advanced stages of this epiphyseal change were present in two of the five- 
day-treated rats and in all the rats after three and four days of treatment. Two of 
the five-day rats showed, irregularly distributed across the diaphyseal face of the 
epiphyseal cartilage, regions of many large matured and cleared cells; these regions 
present little difference to the epiphyseal cartilage effect of excessive vitamin A on 
normal rats and a marked contrast to the epiphyses of the nontreated hypophysec- 
tomized controls. Study of the hypophysectomized rats treated with vitamin A for 
three and four days indicated that the treatment maintained, for a brief period, the 
growth and maturation of the cartilage cells which had progressed beyond an early 
state of growth. Although we did not have hypophysectomized controls for the three- 
and four-day rats, we regard the findings in these rats as corroboratory evidence of 
an effect of vitamin A in acceleration of epiphyseal cartilage sequences independent 
of pituitary hormones. 

It was not possible, from this small series of rats subjected to excessive 
vitamin-A administration so soon after hypophysectomy, to find evidence bearing 
upon the correctness of the conclusion made by one of us “* “that the pattern of bone 
growth is determined by epiphyseal cartilage activities.” Repetition of the experi- 
ment at longer intervals following hypophysectomy offers possibilities and is con- 
templated by us. 

COMMENT AND CONCLUSIONS 


Although the number of the rats used was small, because the experiment was 
regarded as skirmishing in character, the results were so clean-cut that a definite 
conclusion is warranted: The acceleration of the epiphyseal cartilage sequences and 
of the remodeling of bone that necessarily attends growth results from excessive 
vitamin-A administration in the absence of the pituitary. 

We have been unable to correlate degrees of w¢ight loss with degrees of response 
of the bones, but the same applies to the large number of normal rats treated in this 
laboratory with excessive doses of vitamin A for other purposes. Neither could we 
find correlation of the lipoid depletion of the adrenals (as estimated by staining of 
frozen sections) with the response of the bones, but the series was too small for 
reliability of conclusion. The atrophy of the adrenals consequent to hypophysectomy 
may well be the important factor in the decreased survival of rats subjected to hyper- 
vitaminosis \. Because in hypophysectomized rats the ordinary histological stains 
show atrophic changes in the adrenal cortex and there is depletion of lipoids as 
shown in frozen sections, the suggestion is unavoidable that the excessive vitamin A 
skeletal effect is not mediated through the adrenal glands. 

Allowing for the retardation of bone growth resulting from hypophysectomy in 
growing rats, we find no differences in the responses to excessive vitamin A as 
compared with those in normal rats. While very different in appearance, the epiphys- 
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eal cartilage changes are those of increased tempo, and much greater in extent than 
in nontreated hypophysectomized rats. The very early fractures resulting from 
increased tempo of bone resorption may in part be explained by increased numbers 
and size of osteoclasts as doubtfully suggested by the histologic aspect or, as is 
more probable, by the decidedly smaller amount of new bone formation as com- 
pared with the nonhypophysectomized rat with hypervitaminosis A. 

The tendency of bone production to lag behind bone resorption in the hypophy- 
sectomized rats could be the result of inanition, as expressed by the excessive loss 
of weight caused by the two conditions, pituitary deprivation and excessive vitamin 
A, or possibly a direct consequence of hypophysectomy. The fact that bone pro- 
duction is nevertheless greater than in normal rats of the same age leads to a 
preference for inanition as the cause. A larger series of animals placed upon 
excessive vitamin A regimens at progressively longer periods after hypophysectomy 
might resolve questions we have raised and others not mentioned here. 

We conclude that the skeletal responses to excessive vitamin A are not mediated 
through the pituitary gland. 
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Obituary 


“TRACY BURR MALLORY, M.D. 
1896-1951 


Tracy Burr Mallory, chief of the Department of Pathology and Bacteriology at 
Massachusetts General Hospital and professor of pathology at Harvard Medical 
School, died Nov. 11, 1951. 

He was born in Boston, Oct. 26, 1896; he attended Harvard College and Har- 
vard Medical School, from which he received the degree of Doctor of Medicine 
in 1921. Following internships at the Peter Bent Brigham and Boston City Hos- 
pitals, he was appointed instructor in bacteriology at Harvard Medical School. On 
his return in 1926 from a year of study in Europe as Moseley Traveling Fellow, 
he was appointed chief of the department of pathology and bacteriology of Massa- 
chusetts General Hospital. In this position he succeeded the late James Homer 
Wright, a distinguished pathologist and a collaborator with Dr. Mallory’s father, 
the late Frank Burr Mallory. 

In 1929, Dr. Mallory was appointed professor of pathology and bacteriology at 
Tufts Medical School, Boston. The following year he joined the medical faculty 
at Harvard, where he taught pathology until his death. From 1946 to 1949 he 
served as chairman and acting head of the department. 

Dr. Mallory’s contributions to medicine and the specialty of pathology were 
numerous and diversified. Among the more significant of these was the develop- 
ment of the Clinicopathological Exercises (founded by Dr. Richard C, Cabot) of 
Massachusetts General Hospital into one of the outstanding teaching exercises of 
medicine. Dr. Mallory served as editor of the reports of these conferences (“Case 
Records of the Massachusetts General Hospital,” published weekly in the New 
England Journal of Medicine) from 1935 until two months before his death. He 
also served for many years as assistant editor of the American Journal of Pathology. 

Dr. Mallory’s remarkable knowledge of his specialty and his uncommon ability 
to judge wisely projected him into many consultative positions and offices. He was 
consultant in pathology to the following institutions: Armed Forces Institute of 
Pathology ; Memorial Hospital, Worcester, Mass.; Massachusetts Eye and Ear 
Infirmary, Boston, and Monmouth Memorial Hospital, Long Branch, N. J. Also, 
he was branch section chief of Branch Area 1 of the Veterans Administration. 

The professional societies of which Dr. Mallory was a member included the 
American Medical Association, American Association of Pathologists and Bac- 
teriologists ( president, 1950-1951), American Association of Clinical Pathologists 
(Ward-Burdick medal, 1951), American Society for Experimental Pathology, 
College of American Pathologists (member of Board of Governors and secretary 
and treasurer, 1947-1951), American Cancer Society, and New England Patho- 
logical Society (past president). 

From March 1943 to December 1945, Dr. Mallory served as major and 
lieutenant colonel in the Army of the United States, 15th General Laboratory, and 
Army Institute of Pathology. He received the Legion of Merit. 

His death resulted from cancer of the lung, which was recognized during the 
summer of 1950 and which was treated by surgical means. Postoperatively, an 
embolus resulted in a cerebral infarct and left-sided hemiplegia. Despite this 
physical handicap, Dr. Mallory continued to fulfill his many professional responsi- 
bilities until shortly before his death. 
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Notes and News 


Society Meetings... The annual meeting of the Michigan Pathological Society was held 
at the University Hospital, Ann Arbor, on Dee. &, 1951. In addition to the business meeting, 
the program consisted of a slide seminar on “Diagnostic Problems: Interesting and Unusual 
Cases.” Dr. W. A. Stryker, Wyandotte, was clected president, and Dr. James G. Christopher, 
Detroit, as president-elect. Dr. C. Allen Payne, Grand Rapids, was reelected secretary-treasurer. 
The next meeting was scheduled for Feb. 9, 1952, at Henry Ford Hospital, Detroit, the program 
to be devoted to clinical pathology. 


Books Received 


LESIONES ORGANICAS DETERMINADAS POR LA INFECCION TUBERCULOSA. By Manuel Perea 
Munoz, professor adjunto de anatomia patologica y jefe del servicio de anatomia patologica 
del Instituto de Tisiologia de la Facultad de Ciencias Medicas de Cordoba. Paper. Pp. 141, with 
W illustrations. Price, not given. Graphicos Esmeralda, Buenos Aires, 1951. 


Puysiotocy or Suock. By Carl J. Wiggers, M.D., Sc.D., professor of physiology and 
director of the department of physiology, Western Reserve University School of Medicine. 
Pp. 459, with 56 illustrations and 16 tables. Price $5. The Commonwealth Fund, Division of 
Publications, 41 FE. 57th St.. New York 22, 1950. 


This monograph is concerned principally with the pathologic physiology of shock. It begins 
with a review of methods which have been used in the study of shock. This is followed by a 
discussion of the clinical signs and symptoms of shock and the extent to which experimental 
approaches have reproduced these signs and symptoms for critical quantitative evaluation. These 
introductory chapters are followed by an account of the author's studies of hemorrhagic shock 
and a valuable discussion of techniques for recording intravascular pressures. In later chapters 
the author develops his theory of oligemic and normovolemic shock. This is based on results 
obtamed by successive withdrawal and replacement of blood in dogs. He concludes that 
peripheral vascular failure is the dominant factor in the development of shock. The pathogenesis 
of the peripheral circulatory failure seems to remain obscure, except so far as reduction of the 
total circulating blood volume is an important antecedent of the failure. Respiratory, metabolic, 
toxic, and nervous factors are minimized. Also, plasma loss is not considered an important 
contributing factor except when plasma exudes from vessels in areas of tissue injury. The 
monograph is clearly written, and each chapter is followed by a comprehensive bibliography. 
For one who is not too experienced in the study of shock, there are two points which may not be 
clear. In the first place, the definition of shock has not been given with sufficient accuracy to 
justify generalizations based on experimental data. Perhaps, shock cannot be accurately defined. 
In the second place, the designation of circulatory failure as an accompaniment of shock repre- 
sents little advance in at least the clinical concepts of shock, which have existed for many years. 
Many factors would seem to be responsible for, or contributory to, the onset of clinical shock 
with the accompanying circulatory failure. The question remains as to whether these factors 
lead to circulatory failure through one or several unrelated basic pathogenetic mechanisms. 
The answer to this question cannot come from the use of methods concerned only with the 
measurement of blood volumes and intravascular pressures. 
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A New Approach to the technique of 
counting red and white blood cells. 


le the festest prectical The Synchrocytometer is a semi-automatic elec- 

method known. tronic instrument exclusively designed for the Blood 

. W greatly reduces musculor Counting Technicians. It is entirely new in both con- 

and mental fatigue. ception and design. In many laboratories it is 
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blood counting. eliminating the previous slow and uncertain count- 
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